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REAUTHORIZATION OF THE NATIONAL SCIENCE
FOUNDATION, 1985

WEDNESDAY, APRIL 4, 1984

U.S. SENATE,
COMMIT= ON LABOR AND HUMAN RESOURCES,

r- Washington, DC.
The committee\ met, pursuant to notice, at 10:10 a.m., in room

SD-430, Ditksen 'Senate Office Building, Senator Orrin Hatch
(chairmqn of the committee) presiding.

Present: Senators Hatch, Quayle; and Pell;

OPENING STATEMENT OF SENATOR HATCH
The. CHAIRMAN. I am pleased to welcome everyone to this hear-

ing, examining the National Science Foundation hnd its research
achievements. It is NSF's mission' to support the most promising
basic and applied research in all it ientific disciplines. The success
of this mission is critical to the overall .best interests of America's
long-term economic growth, protection of out international -com-
petitive position, our national security, and the prospects for genu-
ine and lasting peace.

We can all appreciate the advances that have been made in med-
icine, space science, and consumer. technologies. Less apparent are
the dedicated efforts of basic researchers to discover thenew, fun-
damental knowledge which makes possible these well-public tted
breakthroughs.
, The distinguished scientists we have with us this morning are
pioneers in this national search for scientific inforntion, and on
behalf of the committee leant to thank them 'for then- willbkness
to share their research with us this morning.

The administration's budget request for the National Science
Foundation is $1.5 billion. This is an increase of 13.6 -percent over
the fiscal year 1984 budget. I am delighted, though not surprised,
by President Reagan's commitment to our shared belief in the po-
tential of American science and engineering. Specifically, I am
pleased to confirm the administration's support for increases in the
target expenditures for instrumentation and equipment, science
and engineering education, engineering research, and advanced sci-
entific computing.

We expect to learn from our witntsp) presentations this morning-
how all of these new technologies ate developed by the creativity
and perseverance of our Nation's scientists and engineers in the
pursuit of quality research. I am pleased to welcome these distin-
guished researchers to our hearing this morning. The projects you

II I
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are going to di uss with us,. of course, represent highlights of the
research supported by the National Science Nundation, and I any
looking forward to these presentations outlining. the specific re-
search NSF his funded with the appropriations authorized by this
committee. .

We are happy to have all of you here ,this mOriiing. Let us intro-
duce you. We have reSearch scientists. Our
first will be Dr. Jim Di 'of the Department of Psychology at the
University of Washington, in Seattle, WA, on developmental psy-
chology, brain growth *research, funded by the minority research
initiation program. Second, we will call on Dr..John Knauss, who is'
dean of the Graduate School of Ocean

Will
at the University of

Rhode Island, Narragansett, RI. He Will discuss oceanography and
the .11/V Endeavor. 'supported by the Ocean Sciences Program.
Third, we will hear fro Dr. Laurence 'Strong, who is from the De-
partment of Chemist at Eltrlham College in Richmond, IN. He,
will talk about chemi I instrumentation which is funded by the
suPport Tor predomin tly undergraduate institutions program. Fi-
natty, Dr. Richard 0. C iis, who is with-the College of Engineering
at the Virginia Polytechnic and State University, in Blacksburg;
VA. He will be discussing engineering, fiber optics in particular,
which is funded by the Electrical, Computer, and Systems .Engi-
neering Program.

We will start:41th you, Dr. Diaz, andgo from there. Thank you
for being with us. Rut first, we will insert for the record a state-
ment by Dr. Edward A. Knapp, Director, National Science Founda-
tion.

[The prepared statement of Dr: knapp follows :J

1
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KR. CHAIRMAN AND MEMBERS OF'74 COMMITTEE:

I APPRECIATE THE OPPORTUNITY TOSUBMIT A.. STATEMENT FOR THE

RECORD ON THE ADMINISTRATION'S FY 1985 BUDGET REQUEST_ FOR THE

NATIONAL. SCIENCE FOUNDATION.
A .0

0

I WILL HIGHLIGHT THREE INITIATIVES WE ARE PROPOSING IN FY

OM: (1) THE BEGINNING OF CONSTR.CTION ON, HE 'ANY 10N,

BASELINE ARRAY, (VIN); (2) AN EXPANSION OF SUPPORT OF COMPUTER

NETWORKING AND RESEARCH TIME ON SUPERCOMPUTERS, AND (3) A NEN.

PROGRAM TO ESTABLISR CROSS-DISCIPLINARtRESEARCH CENTERS IN

ENGINEERING I WILL CONCLUDE WITH A. BRIEF DISCUSSION OF OUR

PLANS FOR PRECOLLEGE SCIENCE AND ENGINEERING EDUCATION.

THE FY 1985 IIIMEST: AN IBIERVIEW

OUR BUDGET REQUEST FOR FY 1.985 IS $1.5 BILLION, AN INCREASE

OF 13.6 PERCENT ApovE FY 1984. THIS TOTAL IJCLUDES $1.3 BILLION

FOR OU \RESEARCH AND RELATED ACTIVITIES; $76 MILLION FOR SCIENCE

AND ENGINEERING EDuCATIOB; $115 MILLION POP THE U.S. ANTARCTIC

PROGRAM; AND t2R MILLION FOR FOREIGN CURRENCY.

THIS PROPOSED BUDGET REFtFCTS .TNE ADMINISTRATION'S DEEP

COMMITMENT TO EXCELLENCE IN OUR C UNTRY'S PURSUIT OF SCIENTIFIC

AND TECHNOLOGICAL ACHIEVEMENTS A IN THE. TRAINING OF OUR FUTURE

SCIENTISTS AND ENGINEERS. IT ALSO cREFLECTS TN) VERY STRONG
o
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SUPPORT WHICH THE FOUNDATION'S PROGRAMS RECEIVED FROM THIS

COMMITTEE AND THE CONGRESS LAST YEAR. THE PROGRAIr THAT THIS

PROPOSED BUDGET WILL 'SUPPORT IS STRONG AND wIABALANCED. IT

PROVIDES FbP SOME VERY EXCITING BASIC RESEARCH, WITH EMPHASIS ON

CONTRIBUTE MOST 10 OUR CONTINUED ECONOMIC WELLBEING

AND TECHNOLOGICAL CAPABILITIES- LEI ME DESCRIBE SOME HIGHLIGHTS
a

OF OUR PLANS FOR b' 19145
.

sio

O OVERALL EMPHASIS ON ENGINEERING AND 7HE PHYSICAL SCIENCES

CONTINUES, WITH SPECIAL ATTENTION 70 MATHEMATICS,

COMPUTER RESEARCH, MECHANICAL, ELECTRICAL AND COMPUTER

ENGINEERING, ASTRONOMY-AND'YHE EARTH SCIENCES-

0 WITHIN 7HE BIOLOGICAL SCIENCES, WE WILL CONTINUE TO GIVE

PRIORITY 70 RESEARCH ON PLANT BIOLOGY. WORK IN THIS

SCIENTIFICALLY AND ECONOMICALLY IMPOATANT AREA WILL

INCLUDE SUCH TOPICS AS THE COV ERSION OF SOLAR ENERGY TO

CHEMICAL ENERGY BY PLANTS; NITROGEN FIXATION) AND THE

REGENERATION OF PLANTS FROMhA SINGLE CELL-

t

O WE WILL .INITIA/E A NEW RESEARCH THRUST INVOLVING OUR

PROGRAMS IN CHEMISTRY., AND 7HE BIOLOGICAL SCIENCES TO

INVESTIGATE 7HE CHEMISTRY OF 1LIFE PROCESS. SUCH

FUNDAMEN7At WORK IS ESSENTIAL FOR THE DEVELOPMENT OF

14107ECHNOLOGIES RELATED TO MEDICINE AND AGRICULTURE-

a
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WITHIN THE EARTH SCIENCES, WE WILL PLACE AN INCREASED

EMPHASIS ON STUDIES OF THE CONTINENTAL .L11,60SPHERE la
PROVIDE A POSSIBLE BASIS FOR FUJURE ANT [RENTAL

SCIENTIFIC DRILLING.

O WE ARE REQUESTING S27.6 MILL ION FOR OUR OCEAN DRILLING

PROGRAM IN FY 1985, WITH Alt I I IONAL FOREIGN CONTRIBUTIONS

OF ABOUT $10.0 MILL ION A LEASE FOR A LARGE MODERN

MUSH( P WAS RECENTLY SIGNED WITH SEDCO, INC., AND WE

WILL BEG IN MODIFICATIONS FOR SC !ENT IF lc 'DRILL ING ATER IN

THE YEAR THE FIRST DMA ING *LEG IS PLANNED TO START IN

JANUARY ,9 1985.

4

O WE WILL INCREASE SUPPORT FOR RESEARCH Al. PREDOMINANTLY

WitIERGRADUATE INSTITUTfONS BY'OVER 1S ,PERCENT THESE

INSTITUTIONS PROVIDE UNDERGRADUATE TRAINING FOR MANY OF

OUR NATION'S, FUTURE SCIENTISTS AND ENGINEERS:

0" IN THE U.S. AI(TARCTIC PROGRAM, WE WILL CONTINUE 'TO

. RESTORE OR REPLACE OBSOLETE FACILITIES, pARTJ4CtILARLY AT

7 MCMURDO STATION. MAJOR CONSTRUCTION PROJECTS STARTED IN

PRIOR YEARS WILL CORI AND THE SALT WATER DIST ILLA7

HON PLANT SHOULD BE COMPLETE AND OPERATING IN FY 1985.

OUR PLANS TO INSTITUTE A SERVICE LIFE EXTENSION PROGRAM

°FOR OUR LC-130 AIRCRAFT WERE DELAYED BY MAJOR CONTRACT

NEGOTIATION PROBLEMS BETWEEN THE DEPARTMENT OF. DEFENSE

N.
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AND PRIVATE CONTRACTORS. WE ARE INVESTIGATING ALTERNA-

7IVES FOR COMPLETING THE SERVICE LIFE EXTENSION ON THESE

CRITICAL AIRCRAFT.

O WE WILL INCREASE SUPPORT OF INTERNATIONAL SCIENTIFIC

ACTIVITIES IN THE FOUNDATION'S RESEARCH PROGRAMS AND WILL
'

GIVE SPECIAL EMPHASIS TO MAINTENANCE OF PROGRAMS WITH

CHINA, SUBSAHARA, AFRICA, AND LATIN AMERICA.t
O WE WILL INITIATE A NEW PROGRAM 'TO ASSIST WOMEN SCIENTISTS

AND ENGINEERS; WHOSE CAREERS H&VE BEEN INTERRUPTED, 70

RESUME THEIR: RESEARCH ACTIVITIES AND ALSO PROVIDE

RESEARCH INITI ATION GRANTS 1.OWOMEN SCIENTISTS AND

ENGINEERS.

O FOR THE FOURTH YEAR IN A ROW WE ARE PLACING A HIGH

r).

PRIORITY ON SCIJNTIFIC RESEARCH INSTRUMENTATION. WE
v

ESTIMATE THATAOTAL SUPPORT OF INSTRUMENTATION' AND

FACILITIES WILL REACH $237.0 MILLION, AN INCREASE OF 20.3

PERCENT OVER FY POW. THE DOLLARS WHICH NSF PUTS INTO

INSTRUMENTS AND FACILITIES HAVE A VERY SIGNIFICANT

"MULTIPLIER EFFECT," BENEFITING MANY MORE SCONTISTS.

ENGINEERSpAND GRADUATE STUDENTS THAN JUST THOSE RECEIVING

DIRECT SUPPORT THROUGH GRANTS.

I

.1!
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WE WILL BE SUPPORTING OVER 11,000 GRADUATE STUDENTS ON

NSF GRANTS FOR A TOTAL OF $103 MILLION. THIS IS AN

INCREASE 16 PERCENT OVER FY 1984.\ THERE MILL BE 550

NEW NSF, GRADUATE FELLOWSHIPS NEXT YEAR -FOR A TOTAL OF

PPROXIMATEL4.1,550 WE WILL INCREASE THE ANNUAL STIPEND

FROM S8,100 IP° S9,000."'- /

01.

4k
0 WE4 WILL SUPPORT AN ADDITIONAL 200 YOUNG SCIENTISTS AND.
r.

ENGINEERS THROUGH THE.'PRESADENTIAL YOUNG INVESTIGRTOR

AWARDS PROGRAM, BRINING .THE TOTAL TO 406 IN FY 1985.

.WITH MATCHING FUNDS FROM INDUSTRY, THESE AWARDS WILL

ENCOURAGE PROMISING YOUNG 'PEOPLE TO REMAIN ib ACADEl(ifit

CAREERS\O TRAIN FUTURE GENERATIONS'OF SCIENTISTS AND

ENGINEERS.

IN THESE AND OTHER WAYS NSF ACTIVITIES CONTRIBUTE DIRECTLY TO

THE DUALITY OF EDUCATION IN OUR COLLEGES AND UNIVERSITIES

INDEED, I BELIEVE THAT VIRTUALLY. OUR ENTIRE BUDGET HAS A

SIGNIFICANT. IMPACT ON 7HE QUALITY OF SCIENCE AND ENGINEERING

EDUCATION IN THIS COUNTRYI : 4110

0 ONLY 4:7 PERCENT OF OUR REQUEST, A TOTAL OF $70.9

MILLION, WILL BE REQUIRED 70 SUPPORT 0611 STAFF, CENTRAL

SUPPORT SERVICES, MANAGEMENT INFORMATION SYSTEMS IRIS),

TRAVEL AND USE OF CONSULTANTS IN FY 1985.601m FULL-TIME

EQUIVALENT EMPLOYMENT, WHICH HAS DECLINED BY 8 PERCENT

SINCE E..Y 1482, WILL REMAIN AT J,1q4 14 FY 1484. WITH THE

111

it



REORGANIZATION WHICH I ANNOUNCED IN °VIVIEN, 1983,

EXPECT tO INCREASE OUR STAFFING IN SCIENCE AND

ENGINEERING EDUCATION AND MEET THE EXPANDED

RESPONSIBILITIES GIVEN TO US BY THE CONGRESS. WE ARE

.NEQUESTING A 16 PERCENT INCREASE IN STAFF AND CONSULTANT

TRAVEL PRPNARILY TO SUPPORT OUR EXPANDED PROGRAMMATIC

RESPONSIBIIIITIZS IN EDUCATION AND OUR PROPOSE ID,

INITIATIVES. OUR TRAVEL BIMITATION 'HAS REMAINED .LEVEL
4

F

FOR 'THE PAST TWO DEARS.

FINALLY, THE imouvrep INCREASE FOR DATA PROCESSING

'EQUIPMENT IN FY 1985 IS LARGELY OFFSET BY ECONOMIES WE
"'I HAVE REALIZED ELSEWHERE, SO THAT THE TOTAL COST 'OF OUR

MIS IS 04!Y SLIGHTLY MORE THAN ITS IN FY 1982.. BY THE

END OF FY 1985; WE WILL HAVE COMPLETED OUR l*ANSITINW TO

A NEW DATA PROCESSING ENVIRONMENT. THIS WILL

SUBSTANTIALLY INCREASE THE EFFICIENCY ANDEFFEC11VENfSS

Of OUR STAFF.

VERY_ LOVE BASELICARRAY MBA)

ONE OF THE HIGHLIGHTS OF OUR FY 1985 BUDGET REQUEST IS OUR

PROPOSAL TO BEGIN CONSTRUCTION OF THE VERY LONG BASELINE ARRAY,

FOR WHICH WE ARE REQUESTING $15.0 MILLION. .

12.
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'THIS ROJO TELESCO'E IS tFIE Io PRIORITY INSTRUMENT' FOR

GRQUND-BASED AST R00114; RECOMMENDED BY THE : NAT ZONAL ACADEMY OF,- . .. . .

SCIEJICEONATIONAL RESEAReg CO.,UNCtL ASTRONOMICAL SURVEY COMMITTEE

I N JANUARY, 1982.. "EA.R1.1ER TECONiCAL STtlitld OUTLINED
,

THE
..

SC45IIII-PIC SEED AND CWICEtTUIIL eesisti FOG SUCH AN INSTRWIENI AS

YOU, KNOW, OUR,PYI484 RUN ET 'INCLUDES $2.5 MILLION' FOF ANTENNA
(-
, INSTRUMENT DESIGN .A1D..E41E SELECTION STUDIES IIIIICH AREIIEING

.'',4 . 1.

DONE SY THE
-
8

.
ATIONGL %DI° `ASTRONOMY OBSERVATORY (NAM THESE".

. . .."/ DES14111 ARO SUE STUDIES WILL 'PROVIDE THE' BASIS FOR THE
1 -. t

CONSTRUCTION
1.

TO GEGIN IN A
1

VIELY FASHION IN FY 1985

.

OUR. PROJECT. BEVELOPPIRNI PLAN &AS SUBMITTED' TO THE NATIONAL

SCIICE BOARD TN FEBRUARP,..19V, AND WITH THEIR. ENDORSEMENT 11

PROVIDES THE BASIS FOR OUR FY.1985 REQUEST.' THE TOTAL CONSTRUC-.-:4
TION COSTA, 'IN FT 1985 DOLLARS, ARE 'ESTIMATED AT $64.0 MILLION.

OPEtATION.OKeAlii or .THE ARIAYCOUti BEGIN AS EARLY AS FY 1987 AT

AN OPERATIRdYCOSi..00P,GBDOT.S2.0 !wile* PER YEAR `WITH FULL ARRAY

a., ' OPE.GATIPON 'pais -.1(y FY.'. AT. ABOUT $5.8 MILLION PER YEAti.., -
r..

IC .1 'L
. AtfANCED StlEitiet coirtn.lmt

.E1

*, i .

10.71.1RN 70 A DIFFERENT BUT ,EQUALLY CHALLENGING AREA

OF SCIENCE: AWAKED SCIENTIFIC L OMPUTING
% 0.

9

LAST MAY, PARTIC-IPANT% INAN NSF bkIRKSHOP REPRESENTING A WIDE

SPEC! ION OF 'DISC PI. INES FROM ACADEMIA, INDUSTRY, AND GOVERNMENT

.

s.

I
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migiumm LABS, MERE ASKOS TO CONSIDER1QENXIAL REQUIREMENTS IN
.

FOUR AREAS: 4 '
t

0 LARGI-SCALE CAPACITY) 1 I

0 NEW COMPUTING eAPAIMITYt
p

i
'?1

0 LOCAL FACILITIES) AND
4

0 NEfWORKS%

*

THERE WAS VIRTUALLY UNANIMOUS AGREEMENT THAT IMPORTANT.

SCIENCE IS NOT,DEING D ONE BECAUSE ACADEMIC SCIENTISTS AND ,
,

ENGINEERS NAVE LIMITED ACCESS TO COMPUTATIONAL RESOURCES. WORK-.

HOP PARTICIPANTS Aio RECOGNIZES -A. KIND OF `CHICKEN AND EGG"):
v.

PROBLEM: THE NEEDS FOR ACCESS TO SUPiRCO*PUTERS IN A VARIETY Or

DISCIPLINES ARE RIM WELL SPECIFIED OR .UNDERSTOOD. YET IT IS

LIKELY THAT THEY WILL NEVER Beri0017016 FULLY WTI( SCIENTISTS

HAVE MUCH BETTER ACCESS THAN AT:: PRESENT.

.

IN MANY CASES THE ACADEM IC sclematFLA AND ENGINEERING

4% COMMUNITY WILL BE LEARNING AND EXPLORING DURING THE' EARLY STAGES.

OF ANY SUPERCOMPUTER PROGRAM: INVENTING NEW'IDEAS AND REDEFINING

OLD ONES AS THEY INTERACT WITH EACH 'OMR AND AS THEY USE AND

DEVELOP SUPERCOMPUTER SOFTWARE AND HARDWARE. AS THIS LEARNING

AND EXPLORING PROCEEDS, THE .NEED FOR LARGE-SCAtE COMPUTING

CAPACITY IN UNIVERSITIES WILL GROW SUSSTANfIALLY. GIVIN THE RATE

14
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AT WHICH SUCH, 'TECHNOLOGY. IMPROVES AND DIAN. ES , OPENING UP ST IEL

NEW OPPORTUNIT IES FOR EXPLORATION, WE MAY NEVER CATCH OP IN

FACT IF WE ARE DOING THINGS RIGHT, WE SHOULD NEVER CATCH UP WITH
VA

THE NEVI
. k

*USW PART i C I PAPIT S. 'ALSO iantaii* THAT LOCAL FACILITIES MUST
.. .

.. . . .

BE; 4IGNIFICANTLY ENHANCED FOR A BALANCED RESPONSE TO THESE NE
. , ..

COMPUTATIONAL OPPORTUNITIES . SUOSSICOMPUTgR ACCESS IHCIULD RS I

MANAGED AS A SCONCE RESOURCE,. AND ots, CALCULATION NOT )ItClU I RING
1

.4

ile ADVANCED, CAPABILITY smout.D.. BE PERFORMED, ON SMALLER

Or COMPUTERS lion

4

SCIENTIFIC CAIICULAI IONS

SUPERCOM PUTE ITIP qi
I

FINALLY, WORKSHOP PARTICIPANTS AGREED.'THAT SUBSTANTIALLY

ENHANCED SCIENTIFIC NETWORKS LINKING MANY DIVERSE RESEARCH

WILL NOT REQUIRE

COMMUNITIES 70. EACH OTHER AND TO, COMPUTATIONAL FACILITIES ARE
t

EXTREMELY IMPORTANT FOR ONE THING, AN EFFECTIVE COMMUNICATIONS

ICNETWORK WILL ) OURAGE THE BROAD SHARING OF IDEAS

.

AND EXPERIENCES

AMONG RESEARCHERS AND HELP OVERCOME SOME or THE FRAGMENTATION

414 ICIII PRESENTLY EXISTS -

GROWTH OF SUPERCOMPU ER

ART INS SOFTWARE, NET RK

NEXT AND GIVE RISE TO

DISCOVERIES WILI. BE USED

ITS DEVELOPMENT; IN CONJUNCT ION WITH THE

CAPABILITY, WILL PUSH THE STATE -^0F7THE-

DESIGN, kQUIPMENT , AND NETWORK MANAGE-

NEW, UNEX CT ED DISCOVERIES,, THESE

TO DESIGN FUTURE COMPUTATIONAL SYSTEMS

WELL .BEYOND OUR CAPAB IL I T LES TODAY COMPUTER NETWORKS, PROPERLY

DESIGNED AND NANAGED i WILL BRING ABOUT

TO THESE SCARCE COMPUTAT TONAL RESOURCES
.

SUBSTANTIALLY 'ENHANCE THC FOUNDATION'S

EFF IC TENT , RE OTE ACCESS

THESE 7 E THINGS

INVESTMENT

V
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IN FY 1984, OUR. FIRST ORDER OF BUSINESS IS TO ARRANGE FOR

LARGE BLOCKS OF TIME AT EXISTING COMPUTATIONAL SITES FOR NSF-
,

GRANTEES WHOSE RESEARCH WILL BENEFIT. FROM SUCH ACCESS. WE HAVE

SET ASIDE UP TO. $6.13 MILLION FOR THIS PURPOSE SO THAT COMPUTER

SERVICE CAN BE MADE AVAILABLE TO SCIENTISTS AND ENGINEERS IN ALL

DISCIPLINES REPRESENTED IN THE NSF.

IN 7HE FALL OF 1983, THE FOUNDATION ISSUED A SOLICITATION

INVITING PROPOSALS WHICH OFFERED BLOCKS OF TIME FonysE BY NSF

RESEARCHERS. SEMEN COMPETITIVE PROPOSALS WERE RECtIVED AND HAVE

BEEN .A6IEWED BY NSF STAFF AND THE NEWLADV1SORY COMMITTEE AT

114 FIRST MEETING. WE exp 1 70 MAKE A-DECISION SOMETIME CATER

THIS SPRING. IKE PLAN I 10 ARRANGE FOR UP TO THE EQUIVALENT OF

ONE SUPERCOMPUTER FOR USE Y RESEARCKERS.

WE ARE REQUESTING $20.0 MILLION FOR THE TOTAL PROGRAM IN FY

1985. WHILE OUR PLANS ARE STILL EVOLVING, WE ANTICIPATE RSING UP

TO HALF OF THIS AMOUNT FOR SUPERCOMPUTERACCESS BY RESEACHERS.

WE PLAN 10 INITIATE AN ADDITIONAL PHASE OF OUR LONGRANGE

PROGRAM BY THE END OF FY 1984 WITH THE SELECTION OF A'SCIENTIFIC

AND TECHNICAL ORGANIZATION 70' MANAGUTHE DESIGN, DEVELOPMENT, AND

EVENTUAL IMPLEMENTATION OF A NEW COMPUTATIONAL NETWORK. HIS

_NETWORK WILL EFFICIENTLY LINK RESEARCHERS WITH EACH OTHER AND

WITH EXISTING AND NEW SUPERCOMPUTER CENTERS AND THEIR TRAINER

STAFFS UNTIL THIS NETWORK IS COMPLETE, OR Al LEAST FAIRLY FAR

1.6
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ALONG REMOTE ACCESS WILL BE L'MI1.EO 10 RELATIVELY SLOW TELEPHONE

LINES, AND MANY INVESTIGATORS WILL HAVE TO BE ON SITE IN ORDEr10,

,CONDUCT THEIR RESEARCH. WE WILL PROVIDE SUPPORT FOR THE INITIAL

STAGES OF THIS Kumla, ABOUT $5.0 MILLION, FROM OUR FY 1985

REQUEST .

geN

ANOTHER $5.0 MILLION WILL BE USED la' PROVIDE ocAt. EQUIPMENT

NEEDED TO ACCESS THE COKRUT Al I OJIIAL RETWOJIK AND TO iffPPORT

: EXPERIMENTS WI1H BROADBAND COMMON I CAI fqms.

DEPENDING ON THE FINAL COST"OF..1HE BLOCKS OP. TIME WHICH WE

PURCHAS IN FY 1984 ANVY-1985, WE MAY'HAVE SUFFICIENT RESOURCES

WITHIN OUR REQUEST TO CONSIDER THE INITIAL PHASE OF SUPPORT FOR A

NEW* SUPERCOMPUTER USER FACILITY, EITHER BY 'ADDING' ON TO AN

ER I SI INS FACILITY BEGINNING A NEW CENTER. . I SHALT,. 'KEEP THIS

COMMITTEE FULLY INFORMED AS OUR PLANS' IN THIS REGARD DEVELOP.
Wr

CROSS-DISCIPLINARY RESEARCH WATERS IN EMINEEBING

THERE IS A THIRD EXCITING AND NATIONALLY IMPORT ANT AREA 01

OUR REQUEST WHICH I WOULD NOW LIKE 10 ADDRESS: RESEARCH ANL.,,,

EDUCATIONS IN ENGINEERING AND OUR PLANS FOR A NEW PROGRAM FOR

CROSS-DISCIPLINARY ENGINEERING RESEARCH CENTE11.4 IN fY 1985. WE

ARE PROPOS; NG $10.0 MILL ION FOR THIS PURPOSE AND EXPECT 10 FUND

UP TO FIVE CENT ERS I N THE FIRST YEAR

38.-882 0 84 - 2
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THE PR OSAL HAS BEEN SHAPED BY THE FOUNDATION'S GENERAL

RESPONSI$ILI ES FOR 7HE HEALTH OF BASIC SCIENCE AND ENGINEERING

IN TOE UNITED TATES MORE SPECIFIC GUIDANCE FROM THE NATIONAL
4

SCIENCE BOARD ANb THE NATIONAL ACADEMY OF ENGINEERING LED US 44,

SEEK WAYS TO STRENGTHENI
THE ENGINEERING EDUCATION AND RESEARCH

CAPABILITIES OF OUR UNIVERSITIES AND COLLEGES;

.WHILE 7HE SPECIFIC DETAILS OF THIS NEW PROGRAM ARE STILL

BEING WORKED OUT, 7HE CENTERS WILL:

O Focus bN NAM (CHNOLOWICAL CONCERNS OF BOTH INDUSTAIAL
AND NATIONAL IMPORTANCE IN ORDER TO DEVELOP FUNDAMENTAL

KNOWLEDGE IN AREAS CRITICAL. TO US COMPETITIVENESS IN
. -

WORLD MARKETS' A.

II

O BRING 70a7HER ENGINEERS AND SCIENTISTS WITH DIFFERENT

SKILLS AND BACKGROUNDS JO FACILITATE 7HE KINDS OP
a
CROSS-DISCIPLINARYI INTERACTIONS AND RESEARCH WHICH

PARALLEL 7HE WORKING WORLD OF INDUSTRY- AND WHICH ARE

NEEDED TO SOLVE THE LONG-TERM TECKNICAL CHALLENGES.

UNDERLYING.EMEN6ING AREAS OF TECHNOLOGY;

O PROVIDE THE EXPENSIVE, STABLE EXPERIMENTAL CAPABILITIES,

INCLUDING INSTRUMENTATION, SKILLED TECHNICIANS, AND

MANAGEMENT NOT AVAILABLE TO INDIVIDUAL INVESTIGATORS

WORKING ON SMALLER STAND-ALONE PROJECTS.

18
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O INCLUDE PARTICIPATION BY INDUSTRIAL SCIENTISTS', AND

ENGINEERS TO RAKE CERTAIN THAT ACTIVITIES FOCUS ON

LONG-TERM INDUSTRIAL NEEDS AND PROVIDE AN INDUSTRIAL

"WINDOW" FOR FACULTY AND. STUDENTS TO IMPROVE THEIR..

UNDERSTANDING OF.THE PRACTICE OF ENGINEERING:

O INVOLVE BOTH GRADUATE AND UNDERGRADUATE ENGINEERING

STUDENTS IN RESEARCH ACTIVITIES, GIVING THEM 40ms-oil

,c EXPERIENCE 'WITH RESEARCH AND TRAINING THEM TO OPERATE MORE

EFFECTIVELY IN' THE 'CROSS DISCIPLINARY" WORLD. OF

ENGINEERING PRACTICE'

WE ARE VERY EXCITED BY THE PROSPECT THAT THESE CENTERS WILL

CONTRIBUTE SIGNIFICANTLY TO THE SUBSTANCE AND' QUALITY Of

ENGINEERING RESEARCH AND EDUCATION.

PRE4OLLEGEgfEKEEDUCATIOW

LET ME NON TURN TO THE FINAL TOPIC: PRECOLLEGE SCIENCE

.4( EDUCATION-

THERE HAS BEEN A NATIONAL GROUND SWELL OF CONCERN IN THE LAST

FEW YEARS ABOUT THE QUALITY OF PRECOLLEGE SCIENCE AND

MATHEMATICS EDUCATION IN OUR NATION'S PRIMARY AND -SECONDARY

SCHOOLS, EDITORIALS ACR9SS 7HE COUNTRY HAVE DECRIED THE STATE OF

AFFAIRS, ATTRIBUTING IT 70 A VARIETY 'Of CAUSES- SCHOOL BOARDS,

19
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TEACHERS ASSOCIATIONS, PARENTS GROUPS, SCIENTIFIC AND

PROFESSIONAL SOCIETIES, AND OTHERS IN STATE AFTER STATE ARE

DISCUSSING THE PROBLEM AND PROPOSING REMEDIES.
4

16

RE HAVE. BEEN WORKING VERY CLOSELY WITH 7HE CONGRESS SINCE

LAST SPRING TO IMPLEMENT A NEW PROGRAM IN PRECOLLEGE SCIENCE AND

MATHEMATICS EDUCATION WHICH'IS RESPONSIVE TO THESE CHALLENGES-

IN THIS, WE HAVE BEEN GUIDED BY THE RECOMMENDATIONS OF THE'

NATIONAL SCIENCE BOARD %COMM'SSJON ON PRECOLLEGE EDUCATION IN

MATHEMATICS, SCIENCE AND TECHNOLOGY THEIR REPORT IDENTIFIED

THREE KINDS OF TALENT 'REQUIRED AMONG OUR CITIZENS:

qt,

O PROFESSIONAL SCIENTISTS, ENGINEERS, AND TECHNICIAMS

CENTERPIECE OF OUR TECHNOLOGICAL SOCIETY.

O THE INVESTORS, SAISINESSMEN, LEGISLATORS, AND DECISION

MAKERS WHO MOST HAVE AN UNDERSTANDING. OF SCIENCE AND

TECHNOLOGY 1044BYOUT 'THEIR DAY-TO-DAY WORK: AND

116, SC IENT IF ICAQC1IAMARE AND UNDERSTANDING CITIZENRY.

OUR EDUCATIONAL NSiST* MUST SERVE STUDENTS WITH IMMENSELY

VARIED ABILITIES AND CULTURAL BACKGROUNDS.

THE PROBLEM IS; ROW CAN THE NSF PROVIDE 7HE BASIS FOR HIGH

QUALITY SCIENCE AND MATHEMATICS PRE-COLLEGE EDUCATION THAT SERVES

THIS FULL SPECTRUM OF STUDENTS? WE TRADITIONALLY AND

P

20
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APPROPRIATELY HAVE BEEN CONCERNED WITH THE SUPPL 11/% OF

MATHEMATICIANS, pc !ENT 1STS , AND ENGINEERS OUR GRADUATE

PROGRAMS, OUR SUPPORT OF RESEARCH, OUR DEVELOPMENT OF MODEL

PRE'COLLEGE CURRICULA IN THE MAJOR DISCIPLINES, AND OUR tFFORTS'

TO UPGRADE THE SKILLS OF SCIENCE TEACHERS HAVE AILL BEEN DIRECTED

TOWARD THIS OBJECTIVE

.

BUT NOW THE COUNTRY CHALLENGES US WITH A MUCH MORE DIFFICULT

PROSLEM: THE QUALITY OF GENERAL EDUCWON.FOR ALL STUDENTS. BE

WELCOME THAT CHALLENGE; WE RELIEVE CHAT NSF CAN PLAY A

SIGNIFICANT ROLE. of

.RT THE SAME TIM, WE ARE KEENLY AWARE OF THE 'PLURALISTIC

, NATURE OF OUR SYSTEM THERE ARE IMPORTANT. AND APPROPRIATE

LIMITATIONS BOTH FOR GOVERNMENT IN GENERAL AND THE RATIONAL

SCIENCE FOUNDAIJON IN PARTICULAR. NSF'S PRINCIPAL STRENGTHS ARE.

ITS CLOSE TIES WU ACADEMIC INSTITUTIONS, ITS EXPERIENCE IN.

SUPPORTING RESEARCH,. AND ITS TRADITION OP PEER REVIEW tO ENSURE .

EXCELLENCE. IT IS NOT OUR PLACE TO PARTICIPATE MASSIVELY !FUME

'PRE"COLLEGE EDUCATIONAL ENTERROISE. RATHER, OUR BEST ROLE IS AS

A CATALYST, ENCOURAGING AND SUPPORTING THE PARTICIPATION OF SUCH

DIVERSE GROUPS AS SCIENTIFIC SOCIETIES, EDUCATIONAL PUBLISHERS,

EDUCATIONAL DEVELOPERS, AND SCHOOL. SYSTEMS.

21
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WITH :THESE IDEAS IN MIND, OUR INITIAL PROGRAOHAS TWO MOOR-Lit

ELEMENTS:

1. PROGRAMS TO INeREASE THE' KNOWLEDGE AND SKILLS OF

PRACTICING TEACHERS AND TO ENHANCE THE PRESTIGE Of, THE

PROFESSION; TO DEVELOP MATERIALS 4ND TEACHING AIDS 10 MAKE

cONCEPTyCLEAR TO ALL STUDENTS; TO DEMONSTRATE

NEW METHODS THAT CAN IMPROVE THE TEACHING ENVIRONMENT"; AND

TO INTEGRATE NEW TECHNOLOGY INTO TEACHING.

. 4

2. PROGRAMS 'y0' BETTER UNDERSTAND, SCIENCE EDUCATION PROSLEMS;

ASSESS. THE SUCCESS OF EXISTING AND NEW TOOLS 'AND

METHODOLOGIES; AND PURSUE APPROACHES THA OFFER PROMISE OF

IMPROVEMENT IN SCIENCE EDUCATION OUTSIDE THE 'CLASSROOM,:

A HYBRID MANAGEME

TASKS. WE MUST HAVE

MERIT, YET AT THE SAME

THAT WE PROCEED FROM

,DEVELOPMENT, AND FINAL

NUMBER OF CLASSROOMS.

T STYLE IS REOWIRED TO CARRY OUT TOSE

SYSTEM TWAT IS OPEN TO ANY PROPOSAL OF
.

TIME CAM FOCUS EFFORTS IN APLANNED WAWS0
. '

PROBLEM DEFINITIONS TO DESIGN, TO MAJOR

LY TO ACTIVE APPLICATION IN AN APPRECIABLE

WE A ENCOURAGING THE CONVENING OF PLANNING WORKSHOPS BY A

VARIETY OF SCIENTIFIC, PROFESSIONAL, AND EDUCATIONAL ASSOCIATIONS

TO HELP DEVELOP CONSENSUS ON NEEDS AND TO FOCUS BETTER THE

PROPOSALS THAT ARE SUBMITTED TO US. WE WILL THEN USE AN ACTIVE

PEER REVIEW PROCESS -- BROADENED TO INCLUDE ALL OF THE

22-



19

SCIENTIFIC,.EDUCATIONAL, ECONOMIC,' TECHNICAL, AND INSTITUTIONAL.

KNOWLEDGE REQUIRED FOR JUDGEMENTS OF EDUCATIONAL EXCELLENCE AND

TO SELECT THE BEST OF THESE. WE ARE PRESENTLY

DESIGNING AN ORGANIZATIONAL AND PLANNING STYLE APPROPRIATE TO

THESE MANABEMEN CHALLENGES, ANA i EXPfCT..10 BE REPORTING ON OUR

PROGRESS TO THIS COMMITTEE SOON.

THE SCIENCE AND ENG (NEE* I NG EDUCATION Dt RgCTOMATf WAS

Irk-ESTABLISHED ON OCTOBER 1, 19834 AND WE ARS WORKING 10 STAFF IT

WITH EXPERTS IN APPROPRIATE FIELDS. -AN ADVISORY COMMITTEE WILL

SOON BE APPOINTED TO PRdVIDE US WITH EXPERT VIEWS ON OUR PROGRAMS

AS THEY EVOLVE. NEARLY ALL 1983 APPROPRIATED FUNDS HAVE BEEN
40

OBLIGATED, MOSTLY. TO TEACHING MATERIALS DEVELOPMENT AND'HOMORR

. TEACHER WORKSHOPS, ANS WE ARE WORKING HARD :TO EVALUATE THE

PROPOSALS RECEIVED IN FY 1984.

WE ARE REQUESTING 'At TOTAL OF $54.7 MILLION FOR PRE - COLLEGE

SCIENCE AND MATHEMATICS AGAIN IN FY 1985. 1 FIRMLY BELIEVE THAT

AT THIS LEVEL WE WILL BE ABLE 70 BUILD UP THE KIND OF HIGH

QUALITY SCIENCE EDUCATION POOGRAM TWAT IS MORE FOCUSED; MORE

STABLE, AND MORE COOSISTENT/,THAN THOSE WE NAVE HAD IN THE PAST, A

PROGRAM THAT DRAWS ON BEST THAt THE NSF HAS 'TO OFFER,

ALLOWING IT TO PLAY ITS PROPER EDUCATIONAL ROLE OF CATALIIJ AND

SUPPORTER.

vo

a
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WE BELIEVE THAT THE ADMINISTRATION HAS SUBMITTED A

WELC-BALANCEB BYDGET REQUEST FOR FY 1985 FOR THE NSF. IT

PROPOSES SIGNIFICANT -INCREASES IN THOSE FIELDS OF RESEARCH

--CHEMISTRY, PHYSICS, MATERIALS, COMPUTER SCIENCE, ENGINEERING;

PLANT BIOLOGY, GEOSCIENCE,OIATHEMATICS --- WHICH ARE IMPORTANT TO

OUR ECONOMIC COMPETITIVENESS AND NATIONAL SE4RITY I HAVE

EMPHASIZED THREE OF OUR MOST EXCITING INITIATIVES A WELL AS OUR

EFFORTS TO DESIGN AN EFFECTIVE PROGRAM AN PRE-COLLEGE SCIENCE AND

MATHEMATICS EDUCATION. I

WE SUPPORT MANY SCIENTIST'"! AND ENGINEERS, DIRECTLY AND

INDIRECTLY; ACROSS, THE NATION. ALL OF OUR ACTIVITIES HAVE i1

STRONG EDUCATIONAL INFLUENCE ON OUR camel:n.44) UNIVERSITIES.

THE NEARLY 14.PERCEN7 INCREASE WE ARE REQUESTING IN -F3' 1985 WILL.

STRENGTHEN THESE FEATURE, OF OUR PROGRAMS, ESPECIALLY OUR
,

EMPHASIS ON RESEARCH INSTRUMENTATION. '

I URGE .YOUR COMMITTEE TO

REQUEST to'

1

.1

4'
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STATEMENT OF JAIME (JIM) DIAZ. DEPARTMENT OF
PSYCHOLOGY, UNIVERSITY OF WASHINGTON. SEATIeLE, WA

Dr. DIAZ. As a physiological psychologist, my science in general
involves how the brain mediates behavior. Mote specifically, my re-
search examines how the brain develops and especially how .normal
brain de,gelopment can be disrupted by different factors, for in-
stance drugs and undernutrition. Currently, my research is focus-
ing on a particular phase of brain development, a period that is
called a "brain growth spurt."

As the name implies, the brain growth-spurt is a time when the
brain is growing at its absolutely fastest rate. The first slide shows
velocity curves, just how fast the brain is growing, for a variety of
species:1 would like to draw your attention to the sol e,
which is the brain growth spurt for the human. For
the brain growth spurt begins around mid-pregman can
extend well into the fourth post-natal year, and tt and
the time of birth. The brain growth spurt happens in all mammals,
and its timing relative to birth, as you can see, varies from species
to species.

What exactly is happening during this time is that there is ex-
plosive growth. In particular, what you have is the establishment
of some pcpulations of cells, but more importantly what. is happen-
ing during this period is that it is a time for the formation of con-
nections between the neurons and the Central nervous , system.
Quite literally, the brain is wiring itself up during this time. Cells
are making point-to-point contact Unfortunately, the period of
fastest growth is also a period of maximum vulnerability, which is
to say that during this complicated growth program,. the growth of
the brain at this time is most easily disrupted by a variety of dif-
ferent insults or traumas.

Now, when you think about it, the brain is the single most im-
portant organ, in terms of behavior. What we do and what we are
is how the brain works. And so, that the wiring happens so quickly
and that the wiring of this particular organ can be disrupted so
easily is what I find particularly interesting as a peychologist and
.why I feel compelled to study this particular period of brain
growth.

To study the particulars of the vulnerability during this time
necessarily means that you are going to have to go to animal
models. It makes it problematic. Notice that the brain growth spurt
for the rat, which is the dotted line. to the right, occurs primarily
post-natally. It occurs after birth in the rat, whereas in the human
it is occurring before and after the event of birth. So an important
point from a family of curves like this is that the fetal rat is not
the same as the fetal human. If you are going to model an impor-
tant period of brain growth' in an animal like the rat, you have to
be aware of the fact that you have to compare stages of develop-
ment, as opposed to the absolute age.

Once you have come to that kind of conceptual breakthrough,
then a methodological problem immediately presents itself. If you
are going to model the brain growth spurt in the rat, you will nec-
essarily have to involve working with rat pups that are nursing.
That is a major problem.

4.
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, One of my strongest in(erests is the effect of drugs on brain de-
velopment. Any drug, any trauma that you may induce during this
ndrsing period, is going to interfere with nursing. If you find your
results are promising, you do not know if those results are due to
the actual drug or manipulation or if it is due to the fact that these
animals ,are not nursing properly. So what you need is an animal
that does not have, to nurse,.althqugh an animal gat this age cannot
survive on its own. .

To solve this dilemma, I have refined a surgical procedure in
which I surgically install. a fdeding line directly to the rat pups.
What I have is a rat that does not have to nurse. This is a 17-day-
old rat pup, andyou can see in the. front, on the left side of the

-` animal, there is a tube. These animals get fed directly, and they do
not have Co nurse. So I maintain these animals in these plastic
cups, in warm water baths, and now I have- a preparation that"
allows me to look at this particular period of timemore impor-
.tantly, this particular period of brain growthand riot have to
worry about an animal that isonot nursing. All the aninuthi are re-
ceiving the same amoinit of milk at the same time of day.

With this kind of a preparation,' we are able to examine and
model the brain growth spurt.

One of the drugs that is most commonly used in human neonates
and infants are barbiturates, oddly enough. So we looked at pheno-
barbital, which is perhaps.the most popular drug given to infants.
We looked at that first. Recall now that the brain h spurt can
extend ii(to the f s rth postnatal year. We wantf to model what
would happen. if y exposed a developing brain to a drug. as pow -
er,,ful as barbiturate= during this time.

at we found' this: That, using this procedure, we were
able to maintain weightsbody weights are on the left side
so our animals did not lose any weight, they were adequately nour-
ished, but we found that phenobarbital, given at a time that
mimics the early postnatal time in a human, and at doses that are
clinically within the ballpark of what infants will see in a clinic,
retards brain growth and retards brain growth significantly.

The importance of something like this is, if you pick up most pe-
diatric neurology textbooks, phenobarbital is considered safe. It is a
safe drug to give to infants. The reason it is safe is, infants do not
die, but this kind of attitude does not address itself to the notion of
a brain that is connecting, a period of brain growth that is essen-
tial for this person as they develop and for later life. So the posi-
tion that I maintain, in terms of drugs that are prescribed, is that
anything that will disrupt the brain growth spurt is a risk. Until
now, there was no way of adequat9ly trying tol+figult out just how
much of a risk it is, and this kind of a procedure enables not only
the studying of the brain and what is necessary for normal brain
development but can help in assessing just how traumatic certain
drug exposures may be

The general feeling iaf the medical community right now is that
once an infant or a developing individual passes the first trimester,
they are out of the woods: it is safe. While it is true that the first
trimester is a time for organ to form, including the brain, I firid
that this is to ignore the critical peridds that occur later in gesta-

. tion, say the third trimester and certainly postnatally. tithe atti-
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tude is that after the first trimester, an infant is safe ora develop-
ing fetus is safe, certainly after the person is born, people have less': .
of a concern about drug exposures and about traumatic exposures.-
I think that my data talk to a more cautious approach to it. ,, 45.

We decided. using this model, to look at the effects of alcohol-at a
time of brain growth that is similar to a third trimester. Again, the
notion in this particular line of research was to explode the myth
that once you pass the first trimester that a, person is safe. We ex-.
posed animals for a very short period of time to alcohol, at levej
that were not unlike the levels that are seen in clinics, certainly in
the Seattle 'area, to women that were not cautious of their driAting
during pregnancY. We found similar results, without_any drop.
body weight, for a 4015stantial drop in brain weight,.

You can see the data Kai the right for brain. weights. If you look
at the brains themselves, you can see it. Alcohol; has, a severely re--
tarding effect on brain developthent. So with. this model;' we re
ableto develop an accurate model of fetal okohot syndrome,,a's Jar.
as brain growth is concerned. .

. ttWhen we looked at the actual neurons involved in this, is a
neuron in a particular part of the brain in a control animal..:This is r
that similes type of neuron in an alcohol animal. You cari.iie .

the bush, that elaborate network around the Cal -body, is hardly de-
Veloped, So these 'connections; the events that are. litippeninge
dieting the brain growth spurt, were clifiruptetj by this,.and it ip
profound effect and. talks to the eatitien that one should have don-
ceriitng exposures during the brain growth spurt:

Our research has taken us to not only looking at drugs but look-
. ing at nutrition and using the procedure to look at formulas. hit,

if we were to feed rats formulas that had differs
tein, in this up in-; particular ide
is "protein enriched.". We can find that not only will we alterbrain
'growth, bUt we can affect behavior' as vo ll,. So,.'while there
less dramatic effects irritertris'of malformations and thltigsthatiou
can see, the period of time when the brain is:growing at that par-
ticular rate is a very volatile time in terms of the final outcome for ;-
hat animal. I. think our work has talked not dhly to drugs buthas

Iked to basically what is necessary to build a brain, what.is nec-
essary to build a normal brain. We have been able to look at 4 vItri-
ety of different factors involved in this: recovery factors, how does
the brain respond when it is being insulted, and how can we maxi-
mize that or minimize that, and what will'. interfere with the
brain's response to an insult? -

.One of the benefits of using this procedure as we-developed it is
that a variety ,of different research lines opened up. By using this
surgical procedure of feeding animals, we are able to generate en-
tilkly new lines,pf research that were not.'available before.'One
parfic,ular line is, UT we can feed rats with this particular procedure
early in life, during critical periods, then we can overfeed them..
One partioular. line was to make these infant rats obese and exam
ine the question.ofi."Po-fat babies remain fat?" What are the bio-
chemical ramifications-for being fat early in life?

This type of research line is not and was not availab.le before the
. surgical procedure. So developing and withiti the guidelines

of my research topi we ere able to start spinning off separate 4
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lines that did not show up before, that we did not anticipatebefore,
concerning issues that are important and issues that were npt ap-
proachable before this.

The effect of formula feeding is another whole research area that
pow we can examine directly in terms of what is n ry in a for-
mula for normal brain growth and for the development o a normal
individual. Those are the lines of research that we ha'e been pur-
suing under the NSF grknt.

willThe CHAIRMAN. Thank you so much. We wiu UOW turn to Dr.
John Knauss, who is the dean of the Graduate School ofOcean Sci-
ences, at the University of Rhode Island, which of course is one of
the Nation's premiere institutions for oceanographic research. As I
'understand it, Dr. Knauss, you are going to describe several of the
NSF-supported research projects funded by the Ocean Sciences Pro-
gram, including the research vessel Endeavor.

STATEMENT OF JOHN A. KNAUSS, DEAN. GRADUATE SCHOOL OF
OCEANOGRAPHY, UNIVERSITY OF RHODE ISLAND, NARRAGAN.
SETT. RI
Dr. KNAUSS. What I -would like to do. today is to focus orf work

that my colleagues and I have done over a numbisr of years on the
Gulf Stream. Much of that work is being done with our research
vessel Endeavor.

The Gulf Stream is a feature which has captured our imagina-
tions for well over 200 years, of sailors as well as scientists. Trying
to understand the complexity of the_Gulf Stream is certainly an in-
teresting and worthy Intellectual challenge; butt t also has some
importance in the following way. We .are.,now convinced that the
changes in the weather, from year to year are controlled by ocean
currents. One of the things we expect to be able to do id the next
30 years is to be able to predict those changes in ocean climate.Not
whether ills going to rain in Salt Lake City in 1985 on July 4, but
whether or will be a wetter ymr tha nn ormal
er or not the be more snow w

and wheth-
ked in 'the mountains in 1986

tn in 1985, d that sort of thing, those long-range changes or, I
should say, short-range climatic changes trends in the weather.

These are all controlled, we now know, by small perturbations in
ocean currents.

The CHAIRMAN. We could sure use some help out there in Utah:
Dr. KNAUSS. The 'Gulf Stream, which is the mightiest of our

ocean currents, at least in the. Northern Hemisphere, is certainly a
part of that picture. And trying to understand the perturbations of
the Gulf Stream will lead its, we believe, eventually to be able to
understand the changes in climate. ,

Let me start with the first picture of the Gulf Stream ever
drawn. That was done by Benjamin Franklin, back in 1770, I be-
lieve. You can see the Gulf Stream as a mighty river in the 'sea,
and we think of it as a river in the sea, transporting the heat from
the south up to the north and then to the east (Fig. 1).1

One hundred. years later, a Mr. Findley, would show the Gulf
Stream as a small nozzle down . here at Cape Hatteras and then

'Pig I through R appenin on pp. S-36.
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spreading out in all directions to the east. That is hoW we thought:
the Gulf Stream looked Maybe about 1870 (Fig. 2).

number of different ures of the Gulf Stream. Each one of thole
This is a about 1970 (Fig. 3). What you see is a.

patterns, if you cou follow it, is the Gulf Stream at any particular
time. What you are seeing is the edge of the Gulf Stream. The Gulf
Stream itself is still 100 or so miles wide. But bitch time it mean-
ders along 40 that it is still a river in the sea, but does spread out
as one goes. That is. the banks of the river. if become verytv indistinct. -

To make that ..picture was a lot of work. It required taking a ship
down at the beginning, at Cape Hatteras, and moving up along the
Gulf Stream, following the edge of the Gulf Stream, and awes
the temperature, not only at the surface but at depth, as you
see. There, is a number of man-jacinths or effort to make that kindof a picture.

Now we have satellites, and this is a satellite picture of the Gulf
Stream, showing the surface temperature of the ocean as described
by the satellite. The blue is cold, the green gets warmer, and the
yellowish-reddish colors are the warmest of all. The white that you
see in this picture and other pictures are clouds, and we cannot get
away frorarthat problem.

The CHAIRMAN. How was that taken?
Dr. KNAUSS. That is with a satellite.
The CHAIRMAN. That is a satellite picture then?
Dr. KNAUSS. That is not a, picture. That is the sea-surface tem-

' perature--
The CHAIRMAN. As represented by colors?
Dr. KNAUSS. By colors. What the satellite does is to accept the

. radiation in the infrared, which determines what the temperature .
is All we, have done is essentially to color-code it. What the satel-
lite gives us is the radiation information; and then we just put it
into a computer, and the blue comes out cold and green and so
forth,. as you see.

If you want to ipake your computer a little more fancy=and you
cannot see it quite so well themyou can get rid of all the
colors and leave the Gulf Stream looking almost like Franklin's
Gulf Stream, essentially as a river in the sea, moving down there.
But remembe, that this river in the sea,' f you will, is going to
move about from place to place.

This is a picture of the temperature of the ocean as- we go across
the Gulf Stream, where the red is the warm water and it gets cold

KR as we go down (Fig. 4). The temperature, is in degrees centigrade.
We have what we call the "cold wall." You can almost see it there
on the slide, where the isotherms drop dramatically straight dowh .
(Fig: 5). That is where the Gulf Stream really is. That is where the
real edge of the Gulf Stream e.. What happens at times, however,
is that sort of a low,. small layer of warm water gets off to one side,
so you would get a false position en where the Gulf Stteani is, if all
you had was satellite alone (Fig. 6).

What we would like to be able to do is to figure out a way to
keep track of where the real Gulf §tileam is, without having to go
out with a ship and make measurements on a very labor-intensive
basis. We have a *ay of doing this now.
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That, by the way, is a picture of our, research vessel, Endeavor.
which is owned by the National Science Foundation. We operate it
and have operated it now for about 7 years. It is 175 feet long, car-
ries a crew of 12, and we can carry about 16. or 18 on a scientific
party. We keep it at sea about 280 days a year. There are about 13
ships ilike-this in the academic fleet around the United States. We,

fr have one, the University of ashington has one, Oregon State, and
so forth. are very effici t vessels. I think they are the most
effidient research vessels in t e world, and most of these are sup-

.. ported by the National Science Foundation. Many of them were
built by the National Science Foundation.

This is the device that allows us to know a little bit about where
the Gulf Stream is, without going out and measuring the tempera-
ture directly. If you have ever been aboard a ship with an echo

,sounder, which measures the depth. to the ocean bottom, what it
does is send out a sound pulse, The sound pulse goes to the bottom
and colas back, and you measure the time it takes for the pulse to
go to the bottom and come back. That determines how deep the
water is.

If you put an echo sounder on the bottom of the ocean and ping
up to the surface and back and forth, you would measure the depth
of the water, and you would think, therefore, if you .did that, and
you left it there for 6 months or so, you would always get the same
depth. However, the speed of sound ,is a function of the tempera-
ture of the water. So if the water is warmer than average, it looks
like the depth' is less because the time for going back and forth is
less. If the water is colder, then clearly it looks like the depth of
the Water is aver.

If we put an echo sounder on the bottom of the ocean, such as
that device here, and we put it down and leave it there for about 2
monthsall it has are some batteries, a sound source, and a tape
recorderit pings up on the surface and measures the apparent
depth of the water. Then we go back about 2 years later.and send a
signal EIDW/1 to it. It drops its weight and pops back up to the sur-
face, and we bring it home and then measure where the Gulf
Stream wase Here is a series of these that we have put out across
the range of the Gulf Stream., where we can keep track of the Gulf
Stream, of the cold wall of the Gulf Stream, by this kind of a
device.

We are checking this with the satellites because; by'deteittn. ining
when the GulStreatn smum: off the edge, as it does,. with a aster.
lite as well as with this device, we hope eventually to be able to use
the satellites as a true means of keeping track of where the Gulf
Stream is, rather than sort of a false image of where the Gulf
Stream is at times.

This is another device we have used for tracking the Gulf
Stream: This is a drift bottle, only it is an underwater drift bottle. I
will not A into the details, but we can send this down to maybe
2,0(H) feet. It goes along and sends out a sound signal every few
hOurs and so' forth, and we track it just like people track Russian
submarines. That is, we have listening posts off the shore of land
and on islands, and by triangulating on that sound, we can track
that underwater drift bottle as it moves through the ocean.
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- The white lines you see there are where the Gulf Stream normal-
ly is, and you can get some kind of a cross-section. of What the Gulf
Stec-am is. From an earlier picture, we. put that device, where is the
red wiggly spaghetti line You see there in the center of the screen,
that was in the middle of the Sargasso Sea. It sort of wandered
around at random, more or fess, for about 2 or 3 months. Then it
got into the Gulf Stream and came quickly up to the.Northeast. It
popped out of the Gulf Stream, as you can see where that loop is,
came back in a reverse pattern, got back into the Gulf Stream, and
then moved on forth.

'So now we find we not only have a river in the sea but we have a
leaky river in the sea, if you will. That is, we can bring water in
from one side, and we can pop it out on the other. We now have a
program where we are doing this in a much more systematic way,
where we are tracking these tinderwatedrift bottles in the Gulf
Stream on a regular and systematic way, trying to determine to
some extent how the water flows in and out of the Gulf Stream as
the Gulf Stream itself flows along.

The Gulf Stream does other kinds of wonderful things (Fig. 7). As
it meanders along, as in the upper left -hand corner, where you see
the Gulf Stream has a little dip ,to it, then it has a bier dip a
couple of weeks. later. Then It breaks off and it has a little ring to,
it These Gulf Stream rings are,big, They may be several hundred
miles across, and they have a life of their own.

Here is a picture-of work we did about 10 years or so ago, show-
.ing (Fig. 8)one of these rings from the Gulf-Otream that broke off
like that and followed it down for better than 2 years, when it fr.
nally.came to pieces down off the coast of Florida. The Gulf Stream
does these kinds of things also. These rings, by the way, pop up not
only on the south side of the Gulf Stream...but also on the nort13,......
side.

Finally, I Want to show you three pictures of the Gulf Stream in
some of its real complexity. Again, this is a satellite photo of the
surface temperature! You can see the Gulf Stream coming down to
the south. As it gets up there into the middle of the screen, it looks
like it- is going in all directions. You see other kinds of strange
things around it.

Again if you play games with our computer, you can takt the
Gulf SIMun out of it. Here is the Gulf Stream itself, with a mean-
der pattern and a big blip and then another meander pattern. The
one far over is just in the process-of forming one of those big cold-
core rings that we had before. The Gulf Stream is medering very
much, as you can see.

Now I put the rings back in. You can see, first off, there is a
warm ring, which is brownish color, in the'center, which is kind of
elongated, ellipsoid, which is caught almost in the Gulf Stream.
There is a second ring, over further to the left, which has caught
some water and swept it up into it, almost like a hurricane does,
sweeping water out of the Gulf Stream. It is a little less brown; it is
more green because it is cooling off. Then finally,- down here closer
to New Jersey is a cold green ring of the Gulf Stream. Those rings

..prop cave lives on the order of 6 to 9 months.
Further down to the south in something which we do not really

understand because we have only seen it a few times in the last
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few months. It is essentially a swath, of warm water which is being
pushed out from the Gulf Stream.

Mr. Chairman, what I wanted to try to show very quickly are the
kinds of things that we are able. to do with new and modern tech-
niques that we have in studying the ocean.. We use as an example.
the Gulf Stream which; as I said, from the time of Benjamin
Franklin has been the object of intense interest, and I hope to
point out it is not only of great intellectual interest and curiosity
butlilso, because of its importance in the long term, enabling us to
understand how this.heat transfer takes place. We hope it will tell
us a lot about ,how the interacts with the atmosphere. We
hope that 'maybe in 20 or 30 years, by understanding more about
such things as the Gulf Stream and other major currents in the
ocean, to be able to do a better job of helping you with, that snow
problem in Utah. Thank you.

(The figures referred to as 1 through 8 follow:]
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The CHAIRMAN. Thank yea, Dr. Knauss. Thii has been very in-
-:-teresting so far.

Dr: Laurence Strolig is research professor of chemistry at Earl-
1..r,..,"4iam College in Richmond, IN His research is funded as part of

riSF's increased emphasis on improving research opportunities at
, 2-year and 4-year colleges-and ,uniVersities. As I-understand it, this
is a cross-disciplinary program, called research at predominantly
undergraduate instilutionit-So we will turn the time over to you,
Dr.'Strong. We are very happy to have yOu here.

STATEMENT OF LAURENCE E. STIcONG, RESEARCH PROFESSOR
CHEMISTRTMARL-HAM-COLLEGFRICHMONIX

Dr. SyritoNG.' The two grants that I have from the 'National Sci-
.- epce Foundation are from the program called two and Tour-year

college research instrumentation program, which I suppose now ap-
pears more as predoiniiiiintly undergraduate institutions.

I might say a, little bit about the institution where I, am. It is a
liberal arts college of about 1,000 students. It has a long history of

pending students from the sciences on in to advanced degrees, to.
work as scientists in later years. The research that I am going to
tell you about is a. project that began nearly 20 years alp and arose
out of some of the things that interested me in my teaching of
chemistry.

'During the past 10 years, approximately, .1 have had about 30
students, undergraduate students, who have-partieipated in this
work. In addition to the two grants from the 'National Science
Foundation for instruments, I have also had a number of other
grants from other agencies, mainly for supporting students during
the summertime to work with me: .

I might begin by indicating something of the significance of thee

kind of work that we are doing. It is a project that is Concerned
, with trying to find out more about bow individual atoms and small'

groups of atoms attach to a more complex molecule and affect the
properties of the Molecule. This is important in trying to design
molecules for particular purposes.

One of the people who has been particularly active in this in
*- recent yeari is Professor Hanch at Pomona College, who has devel-

ii oped a system whereby you can organize the data and predict bio-
logical activities of complex molecules from data about the individ-
ual-parts of the molecule. His prficedure is being used now increas-
ingly by pharmkeutical firms, by manufacturers, designers of peri-

'ticides, and herbicides, and a variety of other substances of consid-
erable use in our society. In fact, since I prepared my testimony, I
have 'mid a manuscript. from him, just in the last couple of days:'
describing work that h been done recently in Japan.

One is to design a bet r bacteria static, agent and the other is le
design a better herbicide for use. I giither, in ricefields and such
enterprises. The conclusion from this manuscript seems to be that
these kinds of (lea and this system of organizing the data are ex-:
tremely. useful in making molecules that are as efficient as posed-.
ble. This kind of work, in this case, was of concern to'Japanese. sci-
entists and drug designers.
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A good deal of work has been done ie this area over many years
by a great many different people, and a lot of information has been
collected. Even so, it seemed to me several years ago that there are
also items of data that are not available, either -hecause people
have not worked on them or because there simply have been too
few instances collected to draw some useful generalizations. So we
are, in a sense, trying to fill some of these gaps. My particular in-
terest is in the energetics of thaionization of molecules. .

The kind of molecule we have been working with I have here in
a 100, millionfold magnification, as a molecular model such as
chemists would use: This is benzoic acid, in which the black repre-
sents carboh atoms, the white- repregents hydrogen atoms, and the
red oxygen. atoms. The part which is of immediate interest, which
we measure, is the ability of this hydrogen atom to be separated
from the rest 2C the molecule or ionized. This forms the acidity of
the molecules.and,-in this case, benzoid acid.

One reason for using is that it has this rigid frameWoili, which
.,. actually represents Six carbon atoms, the hexagon in my hand, and

various atorns.and-molecules can be attached around the.five posi-
tions that are indicated -by the white hydrogen atoms. I have
brought along one, for example, on which we have worked, which
has two fp-oups attached where my hands dre to form dimethylbem-
zoic-acid, to use the chenfists' terminology for it.

So whit we.do, what students have been doing, is to prepare in
highly. Purified form one or another of these substances and then
measure the acidity, measure the extent to which this atom is lost
in the. prepence of various other groups attached to: the molecule.

If I cou41 turn on the overhead projector, it will show on the
screen. This is a plot of some of our data for a group of methylben-
zoic acids in ,which the benzoic acid has been numbered around this
hexagon from 1, where the oxygen are, 2, 3, 4, 5, and 6. So the
numbers on the right, 26, 236, and so forth, indicate the positions
on the ring to which the methyl group has been attached. The line
of dashes near the lower one-third of the plot is representative of
benzoic acid. ,...

The acidity increases as you go from bottom to top of thin plot,
and the numbers on the left and right axes. are just the maasurea
that are used of the acidity. So as. we hi* put methyl groups on
the benzoic acid, if we put 1 or 2 in posit4g 3 or 4, down near the
bottom, we decrease the acidity of benzoic acid. If we put the
methyl groups in the 2 position or the 6 position, we increase the
acidity of benzioc acid:

The thing that is of particular interest to us and what was not
knoWn before is represented by the group at the top, These are all
acids which have not been the subject of study by anyone before, I
guess in part because they were found to be difficult to study.

The 26 acid, which is'this molecule here in my hand, if you add
to it then methyl groups in the other position-3, 4, and 5in
every case they decrease the acidity compared to the one at the
top. On the other hand, down a little further, you see one labeled
No. 2, a methyl group in just *e 2 position. If you add a methyl
group in the 3 position, the -23 one, you increase the acidity. It is
rather abnormal, unusual behavior.

42
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From these .curves, which I have shown .line. -one can deduce
then a number of other properties of these acids, the energetics of
the ionization, which is our particular interest but which I .do not

. propose to describe in detail unless people have questions about it.
One aspect of the workand one which grants from the National

Science Foubdation have been particularly helpful- --lies in the fact
that in order for these data to be useful, they have to be obtained
at high precision. We customarily work with precision of about one
one-hundredths of 1 percent This is necessary in' order to be able
to do the calculations and the statistics from which we can get roll

' able information about the energetics. We have been able to demi-
' op away of making measurements in almost every case through

this kind Of precision. So undergraduate students in fact are es,
posed to work of this precision which, among other things, is pri-
marily paying attention to a lot of details in order to be sure that
the reliability and the precision are maintained.

One other interesting sidelight:to this is the fact that when you
examihe the energetics, 9'ciu fmd that the ionization of these,acids
is controllAl in many cases by the fact that during the ionization
process something happens that increases the orderliness, the ar-
rangement, of the system. The explanation, which has been ad-
vanced by others in years past, is that this is due to what is hap-
pening to the water in which these atids are dissolved. Sounother
result growing but of our work is the information about the nature
of water, which is one of the important chemicals, one of the im-
portant substances, with which we all deaf and which rather stir:

w. prisingly is still not understood very well at the molecular level.
I would- like to say alittle bit, in conclusion, about the kind of

assistance that the National Science Foundation grants have pro-
vided. We have had, as I have said before, two grants to buy instru-
ments. They were primarily helpful in obtaining the kind of preci-
sion that we needed. We have also been able to borrow equipment
from Wright State University and from Illinois Institute of Tech-
nology. Earlham College is perhaps fortunate among the smaller
colleges in having rather well-equipped laboratories. We also have
a pretty good science library. In fact, one of the grants that is
listed as an appendix to my prepared statement was a rant to the
college to bring other librarians from colleges and universities to
workshops on how we operate our science library at Earlham. .

-Support from the National Science Foundation and particularly
from the 2-year and 4-year College Research Instrumentation Pro-
gram has been an important aspect of our ability to carry on work.
I also. included a list of the various grants that have been received
by people at Earlham College, and a number of these are of this
kind, as well as others such as I mentioned for the Science Library
Training Program.

When colleges and universities are ft atnined in relation to the
baccalaureate origins of doctoral degrees, there is a preliminary
study which- indicates that out of the leading 25 institutions in this
regard, 15 of them are 4-year colleges. Earlham is not in those first
25, but it is not very far below the first 25.

It also would appear that a considerable number of the individ-
uals that are currently teaching in colleges and. universities in the
sciences are graduates of 4-year colleges. At Earlham, we found, in
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looking through our graduates in chemistry, that 23 of them, in the
years from 1963 to 1977, are now teaching in collegep and universi-
ties. So liberal arts colleges and 4-year institutions are important
sources of manpower and womanpower for the further develop-
ment of science education at all levels in our country.

We are also one of a group of colleges in the Great Lakes Golleg-.
es Association, 12 colleges, and these institutions have received
about a half million dollars during the past, year from the 2- and 4-

.year College Research InstruMentation Program. Somewhat simi-.
lar activities have-occurred at our sister association, the Associated
Colleges of the Midwest. So for these two, this grant program has
been a useful and helpful kind of thing.

So I would urge that provision be made in the legislation in the
fufure so that the National Science Foundation continues to pro-
vide support for scientific research by faculty and students in the
4-year colleges.. We are-certainly indebted to this committee I
lieve it was this committeeghat originally formulated the legisla-
tion on the 2- and 4-year College Research -IMplementation Pro-
gram some years ago.

Unfortunately, our experience has been one that, we think dem-
onstrates rather dearly that without specific inclusion in the legis-
lation, these 4-year colleges are often discouraged from the grant-
ing process and that the number and magnitude of the grants that'"
they receive, in years when stitch program does not operate, decline.

I would also indicate, finally, that as 1 understand it, Federal
support for undergraduate science education at the present time is
zero at the Foundation. Thank you very Much.

[The prepared statement of Mr. Strong follows:]
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STATSMENT DT OIL LaIttRICIWRiy. .THONG, BAsIcAncil PROMISOR OF elfiCallifiRT,

ARI.NANI COLUMN
...

I

Mr. Chairman and bombers of the Committees

I an a Professor of Chemistry at !Cariboo College. It is a liberal
arta college with a studeot body of about 1000 and is located on the
eastern edge of Indiana. It has had a long history of graduating
students who go on to advanced degrees in the Sciences. The research e
about which I have been asked to tell you sooething is a project that
began nearly twenty years ago and arose out of some of by interests in
Chemistry that had developed through my teaching. During the past ten
years about 30 stuuents have participated in the work. Support, has
come frame number of sources including two bational Science Foundation
grants, grantlfrom the Petroleum Research Fund. two gran s from
'(Beware 'Mims. funds from the ~oat Company. and ants from
the Pro ssional Development fund of Marl/saw College. Before
descri the research itself it is appropriate to give' a brief
descr ion Of hot~ the results of the research can be usefhi to others.

The project is d4veloping.leformation about how various atone Cr
groups of atoms contribute to the acidity of a molecule. In a general
sense, *Soh information leads to a better understending of chemical
behavior. for complex molecules Made up of a number of parts it is
helpful to know how the different parts contribute to the properties of
the entire molecule. Thus Professor bansch at Paola Cole
developed .a way of predicting such important properties
biological activity of a substance iron knowledge of the constitgents
that make mp.the melecples of the substance. his procedure is being,
widely used in the devising of new pharmaceuticals and other useful
substances in a wide variety of fields. While our work is concerned
chiefly with measurments of acidity there are reasons to believe that
the results are directly applicable to other propdtties as well
including those used in the strategy developed by Professor Bartsch.

A greet deal of work has been dove over the years by many people
developing datattn show the effect on the properties of a substance
When an atom or a group of atoms is added to a molecule of the
substance. Sven so there are some quite fundamental kinds of data that
have not been obtained or have been obtained in too few instances to
permit the drawing of reliable gerseralisations. One major set of such
data has to do with the energy changes that accompany the ionisation of
en acid. the process that we recognise as acidity. It is the
energetics related to acidity that is the main subject of our research
at larlham College.
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The chemicals we study are benzoic acid
-and same.of its siany modifications) benzoic
acid lends itself to such studies in part
because it is a molecule having a rigid
framework with live sites to which a variety Qf
other atom and group. of at can be
attached. ,Pfohably the best known modified
benzoit acid is aspirin. The adjoining figure
is a schematic representation of a benzoic acid
molecule such an a chemist might use and Shows
the points of attachment numbered for
identifications in the naming Of modified
bensoic acids. The acidity arises from the
-cUL4 portion of the molecule. One exempla-01
a modified benzoic acid Am represented by the
schematic for 2,3-dimethylbenzoic acid.

0

tads of these modified benzoic acids is ;riveted in sufficiently
pure form had its acidity determined in water over a rang. of

° temperature, usually tram the treating point to the boiling point of
water. This determination is wade through measuring the electrical
resistance of the water solution at each of 21 dittereet temperatures.
A plot of some of our data is presented in the attached figure. It
shown acidity increasing-from bottom to top Of the. plot for I slumber of
benzoic acids to whicn one or more methyl groups have been attached at
the points on the ring indicated by the numbers at the righthand end of
each curve. The vertical scales represent two different ways of
describtng acidity iregmantitative.terme. Tbe dashed lies near the
bottom of the plot is for benzoic acid itself. Of the 19 possible
methylhanzeic acids the figure presents data for 13. Per most of the
acidsAin the tigers we believe the messureMent precision is about
0.01%. At resent we have corresponding data for seven of the e

ft robenzoic acids and 3 of the nineteen possible
hydrozybensoic acids. Work is continuing to measureeire acids,*

high precision is essential to our studies and it has been lack of
high precision that has frustrated most others who have attempted to
obtain signer data. pith data of sufficient precision it is then
possible to analyze the date for each acid to obtain several different
characteristics of the energetics of the acidity, that is the
ionisation process. The analysis is done by statistical procedures
which have been the subject of discussion and disagreement among
scientists for many years. In the last couple of years we have been
developing a new method Of doing the calculations which we are able to
show gives more reliable results than earlier methods. This work has
been done in conjunction with Professor Frank balliwell of the
University of Last Anglia in horwfch. England.

bensoic acid

ON,

2,3-Dimethylbenzoic acid

a
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ti Chemists find oho interesting aspect of these acid* and their
behavior in water istthat the ionisation process leads to an increase
in the orderliness of the system: This ordering eon be measured in
quantitative-terms and chemiste refer to it as entropy. The
explanation of the imreased order produced whenen acid ionises is
believed to be the effect that thy ions formed have on the ,surrounding
water molecules. Thus one further result of studies such amours is to
give information about the nature of water. hater, surprisingly, is
-still for chemists one of the incompletely understood.hebetances in

spite of much study over many years.

Essential to our research are appropriate instxumental facilities
and I.St has provided important assistance with two grants dpring the
past live years through the program for scientific equipment for two
and Lour year colleges. it has also been possible for us to borreW
equipment frOn Wrignt Etate bniversity in"Loyton and Illinois institute
of technology in Chicago. Fortunately. Larlhem College laboratoriel
are reasonably well equipped with anumber of Woeful instruments
including spectrometers, chrometographs. balanCes, and rearmed range of
glassware for chemistry.

MOst important for the pursuit of modern remealch is easy access
to the scientific literature. karlham College maintains a good 'science
library, unusual among email College*. he are also fairly ciao* to a
larger science library at Miami bniversity and interlibrary loans are
.easily arranged with still other libiaries.

The scientific data that we gather requires extensive calculation
and statistical analysis to take full advantage of the results. path
over 300 numerical items of data for each acid reqdiring hundreds of
calculations. procipssing the data is only feasible with a computer.
The College has an adequate computer facility for our purposes end

makes it freely available.

,e Support by grants from the National Science Poundatioo has been an
important contribution to our ability to carry on research. Appendix A
lista the grants that tarlham College has received in the past ten
yeots from the National Science Foundation. The research is not only a

contribution to scientific knowledge but also to the education of
undergraduates. A number ofliberal arts colleges carry on similar
kinds of activitites and in so doing stimulate young people to continue
into advenced .training and careers in the sciences and related
teehnical fields. We in the liberal arts colleges, believe that these
activities ano students are important contribut*one toner nation and
to society generally.

BEST COPY AVAILABLE



'

When the institutions are examined that provide the baccalaureate
degrees for thawe who subsequently obtain the dolctorate it le found
that the'out of the leading 25 institutions fifteen are four year
colleges. this ranking is on the basis of the number of Phil degrees
per baccalaureate degree. rusthermore a major number of these
individuals currently teaching in colleges and universities are
graduates of four year. colleges. ror karlhem Col4ege we tfad that 2)
of the persons graduating between 1963-1477 are nab teaching in
colleges or universities.

tarlham College %a one of 12 colleges making up the Great Lekes
Colleges Association.w-these colleges comprise more than 20.000
atm:Wn48. in the pest five years 7 of these college have received over
a half million dollars from the two and tour colleges scientific
equipment program of the !rational bcience foundation. Somewhat similar
bctivities have occurred in the eleven Associated Colleges of the
Midwest.

be Urge you to see that provision is made in legislation so that
the National bcience fouidation continues to proeide support for
scientific research by faculty and students in the four year colleges.
he are greatly indebted to the foreaiabt of this'committee for
formulating the legislating in this way. Sadly, experience has clearly
'denonstraten that without specific inclusion in the legislation these
four year colleges are almost completely excluded from the granting
process.
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Acidities of Nethylbermoic acids. are thorn as a function of
temperXture. The acidityincreases from bottcn to top in'the
figure. The scales on the right and left axes are quantitative
description of acidity.
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Appendix A
EARLHAM COLLSGS,

hATIOLAL LCILMCK POULRATI06 =WTI,
1974-1904

(
*June 1, 1903 $20,311 Laurence Strong

Rimsitometer and Vigital Plotter for Thermodynqmic btudies.

beptember 1981 $ 5,024 Peek Ogren
N.

interdisciplinary Units on Modern Theories of hatter and on
Crystalline Solids.

beptemer 1981 $ 4.249 Merles hartin.

Preparation of Videotapes of optical Properties of Mineral and Pollen
Grains for Use in optical Eineralogy and talypology Courses.

June 1, 1901 $ 5.000 Katharine Miler

Purchasepf 'kith -00 Microcomputer for Studies of Phencyclidine ttfects
on MemOrp

*July 30, 1980 $10.305 tiolfgann Christian

Acquisition of Infrared fluorescence Apparatus.

. Jody 1, 1980 $16,853 John Iverson

bystematics and Lvolution of the Turtle Family Kinosternidao .

hay 16. 1900 $14.714 Kant Van Sant

Microscope for Palynological Research.

torch 20, 1950 A
$25,000

Acquisition of a Nuclear hermetic Resonance Spectrometer.

,

*January 15, 1980 $10,000 I.

Purchase of Atomic Almorption'bpectrometer.
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Paul Ogren

Wilmer Stratton
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*June 6, 1979 $33$000 ,, Laurence Strong

mg% Coeductance and Thermodynamics in Wetter* to the Molecular Structure
Of Selected Weak Acids.

March 4, 1977 $ 6,280

todergreauate Research Participation.

Charles Martin

September '21, 1977
. $124,800 "Jerry Moolpy

Development Of Delphi..

June 11,'1976 050,600 Thalami Kirk

She LeyeloPment of Course Related Library and Literature Use
Instruction in Undergraduate &clam* Programs.

hey 15, 1975 $ 9,800. ' David Waning

Improvement of Quality of Undergraduate Science InstruCtion through
Acquieitton of Instructional Scientific equipment.

Grants, received through the two and Pour Year College Program of 181!

kummaryof Amountss

$20,311
5.024
4.249
5.800

10,305
16.053
14,714
25,000
10,000
25,000
6,280

.124,800
. 50,600

!LW
$31E7TR

3/31/84
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The CHAIRMAN. Thank you very much.
Senator Quayle would like to make a comment or two. .
Senator QUAYLE. Thank you, Mr. Chairman. First of all, I would

like to thank you for holding these important hearings on the Na-
tional Science' Foundation, an interest which I know that you share
with the rest of us. I know that we will move forward to move this
bill as soon as possible. I thank you for your concern and also your
leadership on this issue.

Second, I would like to thank Dr. Strong, who is a constituent of
mine, for very .fine testimony. He represents a fine university, and
he _outlined the need for funding and for what the National Science
Foundation can do very specifically.

I might just ask you one quick question. If in fact Earlham Col-
lege did not have this $328,736 in grants from the National Science
Foundation, are there other resources that would be available to
pick this up, or would we in fact just loge these types of research
and development programs? Could you give us, from your perspw-
tive and from your school's perspective, what would happen if in
fact these grants do not come forward?

Dr. STRONG. I would say my own experience is that the giants I
have had from the National Science Foundation have been a major
part of the dollars. that I have been able to Use in my own research, -

and I am sure that is true in the other instances as well, in the
other grants that the collen has had. As I indicated in my pre-
pared statement, I have had grants from other organizations, ftmd:..
ifig agencies, but the in general are smaller ones. In most cases,
they have been primarily to support an undergraduate student
during the summer but not for the purchase of major instruments.

Senator QUAYLE. But for you to perform at the level of activity of
which you .are capable, as you have done in the past, this, assist-
ance from these programs are absolutely essential; is that correct?
Would you chiiracterize it in language that strong? .

Dr. STRONG., Yes. It has been essential.
Senator Quavur.. Mr. Chairman, I do have a statement that I

would like to ask be put in the record. I have to depart, but before
your next witness testifies, I might point out that 1 am very inter-
ested in getting fundamental engineering as more of a priority
within the National Science Foundation. There is not only some of
the research that. can be done at Earlham College, but Purdue Uni-
versity and other schools around the Nation. We are in the tech -"
nology age. Some people refer to it as the information or the high-
tech age, and I think engineering is a very strong backbone that
sometimes gets overlooked a little bit.

I will pursue my specific recommendations with the chairman
and other members of the committee at a later date, but I would
ask to have my statement included in the record at the appropriate
place.

The CHAIRMAN. Without .oldection, we will order that, plus the
statement of Senator Strom Thurmond as well.

Senator QUAYLE. I thank the Chair, and I appreciate your having
this hearing.

[The prepared statements of Senators Quayle and Thurmond
follow:i
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Statement of Senator

DOn Quayle

NSF Authorization Nearing'

April 4, 1984.

Mr. Chairman, it is a pleasure to be Widths a bearing today

on the authorization tovels for the National Science Foundation,

(NSF) for Fiscal Year um.

I'd like to commend my good friestrfrom Utoh,tand Chairmen-
.

of this Committee, for holding these hearings and for taking such

an interest in this very important federal agency. I would also

coemend ay colleague on his efforts and work is introducing the

Attainistrition's bill to authorize appropriations for the NSF

for FY 'BS. I hope we can see 'speedy consideration of this bill

in Committee and on the floor of the Senate, and send a bill to

NSF for the first time in several years. I know the Chairman of

this Comaittee has been working with our colleagues on the Commerce

Committee to come to an agreement on the jurisdiction of the NSF

and. I hopeful that we can find common groeftd and 4o whet is

best for the NSF.

It ,pleases me to be here today to hear testimony from

all the witnesses, and particularly from Dr. Laurence Strong,

Research Profeisor of Chemistry at Earlhan College in Richmond,

Indiana. I look forward to all the testimony.

Before we begin, I would like to mention a bill that I
16

have just introduced to amend the Organic Act of the National
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Science Fo dation. This bill, S. 2S25, would emphasize within'

the NSF the importance of fundamental engineering research,

necessary to kekt our country competitive in industry and other

technological fields. Fundamental engineering researd generqtes
at

future technology from scientific knowledge through investitation

of systems, manufacturing processes, materials and methods. my

bill would also make engineering education a priority for the

agency. We have a serious shortage of engineering faculty at

our nation's institutions of higher education, as well as a
. 00

shortage of undergraduate and graduate engineering students.

The National Science Foundation and the National Science
.

Noarfboth have expressed their support for the language contained

in S. 2525. 1 hope this Committee will consider S.252i favorably,

in the near future. 4

Again, Mr. Chairmen, I appreciate your holdt4i this hearing

today, and .I look forward to learning about the NSF supported

research projects our witnesses will be discussing today.
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STATEMENT BY SENATOR STROM THURMOND (R-S.C.) BEFORE THE SENATE
LABOR AND HUMAN RESOURCES COMMITTEE REFERENCE HEARING OM RE-
AUTHORIZ#TION OF THF. NATIONAL SCIENCE FOUNDATION, 430 DIRKSEN.
SENATE OFFICE: BUILDING. WEDNESDAY, APRIL 4, 1984, 10:00 A.M.

MR. CHAIRMAN: 44,

. It is aa pleasure to rece ive testimony

conce.rntng the National Scienceundation and the research

ach.40444hW pf that Agency.

The people, of the Un,ited States and throughotit the world

have benefited enormously from the scientific .research that has

taken place in this .country.

The United States today has the highbst standard of living

in the world,and thii is due, In large part, to.the effokts of

. your scientific community.
v

For many years, we have been the world' leaders in the

field of Science.an41.i.we.nish,to relain in this .leadership role,

. Ile.mUstmaintain a strong commitment to research. .

41, Mr. Chairman, I believe that the President has displayed
.

hisscommittment to research in science and engineering by proposing

a 1k.6 'percent Increase-in Ilindiwg for the Nationaf Science

:'''

. .

Foundllitih'iie fiscal year AIMS.' Through the grants and contracts

for re;ear.ch provided by this agency, significant advances may

rsult in areas such as national defense. 'industrial productivity.

health. energy and agritulture.

,har itom:iOie of the researchers who are working

in these my other iiiipOitarit areas. 1 commend them for their

excellent work and:Ioblijorward to thei r testimony.

e
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The CHAIRMAN. If I could just ask you one question that was
eying me while you were speiking, why ig it helpful to know

what creases the acidity of these,molecules?
Dr. STRONg. The acidity itself is probably not of immediate inter-

est to, say, a. pharmaceutical designer of a drag, but the presump-
tion isand there is a good deal of evidence to support thisthat ...

once you herie determined the effect of a particular atom or group
of atoms Added to a molecule on the acidity, that same magnitude
of effect will be produced for any other activity that this or another
similiar molecule may have. Whether we then later measure acidi-
ty or some reaction rate* some effect on a bacterium, we will see
the same kinds of changes in the effect produced by tickling an
atom or molecule. It is a generalizable property, once you have
measured it.

-We pick a, system that i$ easily hUndled, as far as the measure:
ment is concerned, to get the initial data. Those, data can be used
in a variety of other kinds of reaction)3, particularly those of inter-
est to the designer of a bacteria static agent or a pesticide or a her-
bicide.

The CHAIRMAN. Thank you. That it interesting.
Dr. Richard Claus is associate professor of electrical engineering

in the College of Engineering at Virginia Polytechnic Institute and
State Univeretfty. You have held several NSF grants, funded by
NSF's Electrical, Coinputer, and Systems Engineering Program. I
understand you are going to .give us an illustration or at least a
presentation' this morning on fiber optics.

STATEMENT OF RICHARD 0. CLAUS, COLLEGE OF ENGINEERING.
VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY,
BLACKSBURG. VA
Dr. CLAUS. First, I would like to introduce myself and my func

.

tion and my background and then describe briefly what my support
. from NSF has been in several different 'areas, and then specifically

target some of the results of that support, and then finally briefly
discuss some of the scientific developments that we have come by
with.

I am 32 years old. I graduated from Johns Hopkins in electrical
engineering in 1977, and since en I have had support from the
National Science Foundation in ve different grant programs. The
first of them was an initiation an in engineering. That was fol-
lowed by a regurar NSF engi ring research grant, two research
equi pment grants, and since m function at Virginia Tech is both
research and teachirik, I also pursued and was awarded an instruc-
tional laboratory equipment grant. So.NSF money in my program,
in fiber optics and in acoustics, has supported both research and
instruction.

Otht.t- research support, for that same- work has come from
NASA, the Navy, the Air Force, and several industries.

The specific results of that support can be divided into two cate-'
gorieS, one in research and the other in instruction. In research,
that support has not only supported my efforts but also the efforts
of approximately two graduate per year, and of those 12 graduate
students that have worked- with me, 11 have been U.S. students
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and one has been an international student. We have also produced
some things. that NSF likes to see: papers. We have averaged ap-
proximately one paper a month, review papers, many invited, and
also a book in that time. Specific engineering results also have re-sulted in five patenti, and we are working on two more, so that the
work- that we do has not only been basic research in fiber optics
but it has also been applied research that has resulted in some
usable systems. We have also received six NASA awards for that
research in fiber optics.

On the instruction side, we have' done several things. One is in
'tying the research money from NSF to direct undergraduate and

fiberinstruction, we..have developed an instructional lab in
fiber optics and in acoustics, which has served approxiniately 150
students in the last 4 years. Also associated lecture courses that
have serviced approxiMately 300 students, and that support from
NSF and the research sipported by NSF has spawned industry co-
operation in these areas, which has helped us quite a bit.

Let me briefly discuss some of the scientific developments that
we have come up with. I have appended a modest description in
technical terms of the work that we have done. The first thing we
have done in fiber optics has been to use fibers not in the commu-
nications area but in the noncommunications area of sensors. We
have used embedded opticaLfibers in aerospace structure material
to determine the stress on the material and predict the failure and
lifetime-of the materials. Specifically talking about composite ma-
terials, composites are more or less like plastic plywoodver* high
strength-to-weight ratio, very good in low- weight - required areas.
What we have done is embed fibers in a matrix inside panels of
these composites and then look* at the ways that optical informa-
tion transmitted through the fibers changes when you subject the
composite material to strain and stress.

In doing that, we have had to work with a number of different
optical Modulation and demodulation schemes, which has led to the
development of several optical instruments for the measurement
on another line of metal surfaces and polymer surfaces. We have
also looked at cracks in composites and hobo cracks propagate in
composites and the detection of those cracks with optical fibers.

The second area that we have considered -has been in acoustics,
instead of in optical fibers. The mathematics and the physics
behind the propagation of waves in acoustic lines, as opposed to
fiber optic lines, is very similar. We have looked at 'waves specifi-
cally that travel on boundaries between pairs of solid materials.
These are acoustic waves, ultrasound waves. They' are character-
ized by hortical motion that with respect to the boundary between
the solids is both up and down and back and forth, much like
motion that you experience when you go to the beach and you
stand out several meters offshore and you move up mai down and
back and forth. By measuring the components of motim of those
waves, we are able to determine a number of propertied of not only
wave propagation but also the interface between the materials that
support the waves.

Specifically. you can use changes in the properti f those waves
to evaluate a glue bond that exists betweeh the terials or weld
that exists between the materials. You can also u waves such as
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this for electronic signal-processing devices, and these waves also
have applications- in seismology, where you consider the transmis-
sion of acoustic waves between large masses of rock with different
acoustic properties. So this study has had applications in a number
of different areas.

Another result of our work has been the development of a new
type of ultrasound transducer that can be used for scanning tumors
or fetuses. The new type of transducer uses resultii that we came
up in our -fiber optics research and transferred to the ultrasonics
area. The new type of transducer generates an ultrasound field
tlukt is very easily detected and very easily calculated using signal
processing teehniques through a computer. That ultrasound trans-
ducer is one of the devices that we patented as a result of our re-
search.

We haver also developed several optical instruments just of gener-
Xl interest, with no real application. other than the fact that-they
let us do our researzh a little more easily. These techniques are in-
terferometric; they -are more or less optical phase-measuring in-
struments. They have led us, for instance, to measure angstrom
particle displacements of material surfaces without worrying about
background vibrations of the entire surface. With an instrument
like this currently, one industry is monitoring the motion of an op-
tical fiber in a feedline assembly-with a one angstrom sensitivity
reinotely from across the room using a laser source.

-Finally, we have investigated the characteristics of optical fibers,
both theoretically and experimentally, which make them useful as
sensors of both pressure and temperature. Specifically, the meas.,
urements that we have made, the parallel measurements that
others have done as well, include measurements of the amplitude
of optical signals that are transmitted through the fibers, the polar-
ization of the optical fields that travel down the fibers, and most
recently, we hate taken a look at changes in the time of travel of
optical pulses that are transmitted from one end of a fiber to the
other end. If you Analyze the changes in'the time of travel, or the
delay of those pulses as they travel through the fiber, you are able
to infer either the temperature of the 'medium that the fiber is em-
bedded in or the pressure that is induced on the fiber.. .

(The prepared statement of Dr. Claus killows:)
.
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Professor Richard 0, 01aus
Department of Electrical EngineeringVirginia PolytecEnio /Institute and StAteUniversity

Ages 32 '
EdUcatiosis Johns Hopkins University,

Engineering, 1977
Research area GUided wave optics and ultrasonics

Ph.D., Electrical

NSW Supports

Engineering Research Initiation Grant $25,EngineeringRemeardh Grant 99,7Specialised Research Equipment grant* (2) 93,846Instructional Laboratory Equipment Orant 34,600
Results of SSP &Snorts

Research

al

1978-80
1980-83
1970,1981
1979 -80

12 graduate studiints
supported (11 US, 1 international)84 .technical papers published

5 patent disclosures and patent applications
-

.Instruction

Developed instructional laboratory in fiber-optics andelectro-optics (150 students inw4L.years)
Developed associated.lecture courses (300 studentsin 4 years)
Developed industry cooperation in these areas.

aSpecific Technical Developmentss

Developed new methods for testing the loading and potentialfailure o: aerospace materiels using_ embedded opticalfibers.

41
Obtained first direct measurements of acoustic waves whichtravel on the boundariee between solid materials. Thesewaves have potential

applications in the evaluation of weldsend glued joints, in electronic signal processing devices,and in seismology.

Demonstrated a new type of ultrasound transducer which hasimproved performance in biomedical scanning applications.
Developed several new.optical inseruments for the inspectionof metal surfaces for surface and sabsurfacs defects.

Investigated the characteristics of optical fibers whichmake than useful as sensors of pressure and temperature.

BEST COPY AVAILABLE

59

. 'r.4



'Ow

56

STAMM:NT OF DR. RICHARD 0. CLAUS

TXCHNICAL SUMARY

Ultrasonic Interface Waves

Part of my research funding, from the National Sciepce.

Foundation has supported the investigation of guided elastic

waves known as interface waves which travel along the boundaries

between solid materials. Like 100,04 in water, LitorfeCe waves. .

have both up-and-down and back-and-forth components of particle

motion which decreabe invemplttude with distance into both of the
.

materials, and their wave energy is confined to a region near the

...boundary._ Although the interface waves between most pairs of

solidi are leaky so they lose some of their energy into the
6

materials as they travel, unattenuated interface waves calked

Stoneley waves may be supported on the boundary if the materiai

properties of the two solids are suitably related. Ultrasonic

leaky and Stoneley interface waves have potential engineering

applications in the nondestructive **valuation of critical

aerospace structures, acoustic .wave signal processing devices,

and long acoustic wave delay lines used in communication systems.

My research has involved measurements of the characteristics of

these waves which determine their usefulness in these application

areas.

Specifically, under'NOF sponsorship, my graduate' students

and I have obtained the first direct messurementi-of.ultrasonic

interfaeb waves. We have uded mode converaion to and from

surface acoustic waves to generate and detect leaky interface

waves oil steel-titanium and titanium-aluminum boUnderies. On

plane boundaries we observed efficient conversion from surface

BEST\tOPY AVAILABLi
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waves on the denser 'otitis' and from grazing angle shear waves

in the lighter material. We have demonstrated the nondestructive

evaluation potential of such interface waves in two ways.' first,

by measuring variations in wave speed' versus the compressive

stress applied to metal specialans in contact, Vb have shown that

interface and Stanley waves, are sensitive to conditions along
the bondline. Second, using surface wave conversion at a corner

of a solid specimen block-and axially symmetric Stosprity waves is

a tapered metal .pin, we. have observed wave interactions with
44

surfece and bulk material,defects which arse perpendicular to, the
bondline. In addition, we hale used interferamotric leanr

detection methods to observe the particle motion of interface

waysm_dArectly on the boundaries between transparent materials

such as glass and fused Quarts in both smooth and welded contact.

These direct optical scanning measurements have allowed us to
better understand the processes involved. in interface wave

generation.reflection, and attenuation.

Optical Fiber Sensors

Equipment provided by NSF reibarch and specialized equipment

grants has also bean used to investigate the performance of

optical fibers as sensors of temperature and pressure. Our main

effort in this area has been in the deVglopment of techniglies

which use embedded optical (ibex waveguide to determine the

stress and predict the possible failure of composite material

structures. Such techniques could offer significant advantages

over conventional evaluation methods for several reasons. First,

if the fibers are embedded in the composites during

BEST COPY AVAILABLE
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manufacturing, they will allow the nondestructive inspection

system to be ..built in.- Second, since the elastic properties of.

optical fibers are soeswhat similar to those of the fibers deed

in some composites, cowosite material properties may not be

degraded. Finally, optical nears are a sensitive sensor of both

stress and ultrasound.

Our research has lad to developments'in two areas. First,

we have demonstrated A multiple fiber system which uses coherent

detection techniques and computer proceasing to determine the

two-dimensional stress distribution on a panel of composite -

material. The spatial resolution of the measurements obtained

using this system may be increased or decreased by embedding

additional or fewer fibers in the panel during manufacturing.

Second, we have recently obtained preliminary results for similar

panel; using short duration solid state laser pulses Which travel

through the fibers. Stress In the panels changes the propagation

characteristics of the pulses, causing 'pulse reflection and

attenuation. Current work involves interpreting the changes in

these pulse properties to infer the distributed stress state and

thus the structural integrity of the OPecieee.

62
13151 coin PIMUVIII.



nip

59

The CHAIRMAN. Thank AL This has been a very interesting.morning for me. Realizing that you are all not experts on every. re-search project underway at tour respective institutions, I wonder ifeach of you could just give us a few illustrations or examples ofNSF-supported research at your institutions and what are some ofthe projects. some of your colleagues are working on? Let us startwith you, Dr. Diaz.
Dr. DIAZ. There are a variety of projects in the psychology de-partment that NSF funds. Aside from the brain-growth work that Iam doing, there is work done by Elizabeth Loftus on memory, andit has a great deal to do with the so-called sanctity of eyewitnesstestimony or just how you remember things. .In.-the cognitive mychology 'area, there were a variety of projects going on involved inthe way we approach and the way we thiOk about certain topics.The process involved in decisionmaking, for instance. These are thetypes of projects in the pitychology department.
Iii the medical community, virtually every one of the science labshas some NSF funding in one way or, another. To go through aroster of that is beyond my keeping track of.
The CHAIRMAN. nr. Knauss? f
Dr. KNAUSS. The Graduate School of Oceanography does work inall aspects of oceanography, not just the physics of it the GulfStream, which I talked about, but also the geology and nature ofthe ocean floor, the chemistry of the ocean, and some of the biologi-cal aspects of the ocean. NSF provides support in all of these areasto our institution, in one way or another.
One of the most interesting problems that NSF has provided con-siderable support for is the issue of so-called sea-floor spreading;that is, the plates on the crust of the Earth, which are separated inthe middle of the AtI;tic Ocean and then are subducted down atthe edges of the conti nts, such as the big trenches off Japan, theAleutian Islands, andiso forth. We now are Pretty well certain thatthis does indeed occur, and we have known it now for 20 or soyears. The question As, What is the driving mechanism?The sources of t are well beneath the surface of the Earth,down..20 or 30 mil or maybe more miles than that. We cannot getat that directly, course, so we do it indirectly. We do it by look-ing ,at the rocks nd the material that is brought up, volcanic mate-rial and others , and then trying to piece back together againwhat the history of the mantle of the Earth beneath the crust hadto be in order, to provide the kind of processes we see. So we havegotten beyond' the descriptive stage of what is sea-floor sprehdintg,and we are now trying to learn what are the causes and the mech-anisms that determine that.
The CHAIRMAN. Dr. Strong, let me chang&the subject just a littlebit. In your research, did you seek funding from other sourcesbefore you went to NSF, or did you just go straight to NSF?
Dr: STRONG. Funding initially was from a general grant that ourchemistry department had with the Du Pont Co. over a period ofseveral years, and some of that money was used in supporting myresearch and the students. The college also has what it calls a pro-fessional development grants program, and I got small amounts ofmoney from that. So these two, I guess, are the basis for deP elopingthe research far enough to think it was possible to apply to the Na-
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tional.Science Foundation. I had had grants many years ago back
in the sl*ties when I Ain a high school development program, a na-

ti program, at the college, and this was supported almost en--
tirely by National Science Foundation funds.

The CHAIRMAN. What I am getting at, Dr. Claus, in addition to
w t you said, Dr. Strong, I am trying to find out the relative im-
no ce of the National Science Foundation as a funding institu-
tion, lative to not just other Federal agencies such as NIH but
also to outside sources in industry and nonprofit sector sources.
You have indicated that you have had some help fronkhe industry
sources. Have you seen any indications that there are other sources
that may be available?

Dr. CLAUS. Yes, I think in engineering there The problem,
that I have run into, in the work that I have done, that usually

ols
those other sources want specific tasks accomplished.,,

The CHAIRMAN. In other words, they want you to accomplish
specific goal.

Dr. CLAUS. Exactly, especially. industry. I have found personally
it is difficult,

The CHAIRMAN. You seem to be saying applied research rather
than basic research?

Dr. CLAus. Exactly.
The CHAIRMAN. What I have found thrOugh the years is that

fiTSF' is crucial 'for basic research, as well as various applied re-
arch. Do you all agreekm that?'
Dr. KNAUSS. Absolutely. It is almost the only agency in the Fed-

eral Government that supports fundamental research with no
strings attached.

Dr. DIAZ. My research, more than the others, does not have a
direct link to industry. So the study is of the nature of the way the
'rain develops and will not be funded by anything other than NSF.

The CHAIRMAN. One of the great concerns the committee has is,
of course, the relationship between you as researchers and prospec-

, tive students. We are impressed that each NSF award also supports
a number of graduates and possibly undergraduate assistants. But
these are just statistics. How would you characterize the benefits or
the drawbacks that students have resulting from your research?

Dr. KNAtrss. All I can say is that several of those slides I showed
were the work of graduate students. I believe that almost without
exception, every grant that. we have in the Graduate School of
Oceanography the National Science Foundation supports the mini-
:rim of one graduate student. We also are wing our grant support
to support in a specific wgy undergraduate students. Oceanography
is not a field which many undergraduates are well aware of, except
in the field of biological oceanography. It is difficult to get physi-
cists and chemists to go into oceanography. One of the ways we can
attract them is by providing undergraduate support for them in the
summertime to come and learn about what an exciting field ocean-,
ography is. That often is by NSF support.

The CHAIRMAN. What has been your observation concerning un-
dergraduate students? Do you find that they are better or less pre-
pared in today's climate than they should be? Do you feel that the
quality of graduate stbdents is going down, or is it going up? That
is kind of a dangerous question, I understand, but I would like to
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get in impression. Last year here, we had tremendous pressure on --,_

this committee to come up with a math and science bill. We did. It
has not moved off the Senate calendar for well over a year now.
The problem is, that.one of our members would like to attach a 19-

ge. civil rights amendment to it, and that has caused a lot of diffi-
culty because the bill should be a math and science bill and not a
hodgepodge of a lot of other, albeit important, issues.

Are graduate students diminishing in quality? Or is it just a
matter of individual abilities? '

Dr. KNAUSS. My view of it, run *rig a graduate program now for
almost 25 years, is that the best nts vhihave now are at least
as good as the best students we had ago. I think what has
changed is that' some of the students we get in the middle group
are not as well trained as they should be. [think that at the upper
end of the scale, there is no difference. But I .think in the middle
scale, there is where we are seeing that the Undergraduate training.
and the high school training befbre that has not been as strong as
it should have been.

The CHAIRMAN. Do you all agree with that?
Dr. STRONG. I think I would add one other observation. I deal

with undergraduates, a number ofistiom go on to do graduate work
at other institutions. I think what we have observed is that a few
years ago, there were fewer students interested in science, particu-
larly in going on, thinking about careers in science. Their interests
were elsewhere. This has theen changing mstudents

and particularly better students again interested inraw
recently, with more

e sciences. I guest,' what we would hope is that this can continue
be encouraged, that good students will find the sciences attrac-

-ve.
The CHAIRPAN. I am glad to hear that because we are concerned

about scientific manpower, as you know, in this committee and on
other committees* as, well.

I am going to submit other questions to you, and I will keep the
record open for others on the committee to submit questions to you
I have just one last question. If someone suggested that an
way to reduce the deficit by $200 million would be to keep N
funded at last year's levels, what would belyour answer to their
sug,gestion?

d Dr. CLAUS. I do not have current NSF funding, so I would be very
IM disappointed with that. -

Dr. KNAUSS. Science is expensive, and it is verLdifficult even to
adjust the cost of doing science to the cost of livin. The equipment
for doing science now is much more expensive than it was 20 years
ago, and we need that kind of equipment. We need the new com-
puters that are so important to our work. We need the very fancy
complicated kinds of equipment, and then we need the people to
help run that kind of equipment. So.I think the cost of doing state-
of-the-art science is more expensive now, and it is going up at an
increasing' -rate. -Just---heeping-the-P.18F hudget-a the- cost -of living
increase means we lose ground.

Dr. DIAZ. There are some other issues as well. The benefits of, sci-
ence to the community at times are not as apparent as other in-
vestments, but it is just as important. Regardless of the specific dis-
cipline, most of the projects are going to generate other lines of re-
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search. They are ing to generate other work, just besides getting
people thinking s ut topics.

Ma* discoveries are not usually done on purpose. It is taking
bits and pieces from a pool of knowledge. To cut into that is to cut
into something that may be very beneficial to the society as a
whole later on, and I would not like to see just cutting our options.
We do not know what is going to come out of these things.

The CHAIRMAN. Thank you. I need to leave, and I will turn the
remaining time over to my dear friend, Senator Pell, who takes a
really active role in this area and who, of course, has played a sig-
nificant role in the maintenance of the National Science Founda-
tion: I have a lot of regard for him.

Let me just thank each of you for being here. This has been in-
tellectually stimulating. I think it is a different approach to the ie-
authorization of NSF, and that is to just talk about a few of these
projects and see just how valuable they are. I think each of you has
added significantly to our knowledge through your research, and as
a strong supporter of NSf;I feel real good about this hearing.

Senator Pell, I am so grateful to have you here. If you don't
mind, I am going to turn the committee over to you. I have other

Wquestions,
but I do not want to consume any more of your time.

ith that, I salute you and appreciate your being here.
Senator Nu. Thank you for your kind words, Mr. Chairman.
1 would add that r am very sad I was not here for Dr. Knauss'

presentation. We were marking up another bill in another commit-
tee at that moment.

I went through the material, the photographs, and was struck
by one thing. Apparently, the Gulf Stream is not only offshore but
it tuires deeper water for it to exist. What is the reason for the
Gulf Meam existing at all? What makes the Gulf Stream? Why is
it that it does not come closer to the shoreline.

Dr.. KNAUSS. That is a very difficult question to answer very"
quickly. The Gulf Stream, in the simplest sense, is controlled by
the winds and the rotation of the Earth. You need both to have a
strong Gulf Stream. You have to have the westerly winds at our
mid-latitudes, and the trade winds at the southern latitudes, and
you have to have the Earth rotate the way it does. If the Earth
were rotating in the opposite direction, for example, you would
have a strong Canary Current off the coast of Europe, rather than
a strong Gulf Stream. You would have a very diffuse Gulf Stream,
for example. So the rotation of the Earth Fiveq it that narrow,
sharp intensity, and it is the wind itself which combines to drive
the water in that circular motion in tl)e Atlantic Ocean.

There is a comparable kind of current in the Pacific Ocean,
called the Japanese Current, which is like the Gtilf Stream. It is
only a little bit different, because the shape of the Pacific is differ-
ent from the shape of the Atlantic.

Senator PEU.. What would be the reason for its not being close to
the_shoreline?

The Muff Sfrearn is close to the shore. It comes up
the coast of Florida to about Cape Hatteras, and then it begins to
leave the shore. It begins to go across the Atlantic Ocean. You can
imagine these major ocean currents as being connected, almost as a
circle as you go around the Atlantic Ocean. It goes across the At-
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lantic Ocean to about Newfoundland, where it is the Gulf Stream,
and then it is given another name, the West Atlantic Drift, and
then the water comes down south off the coast of Europe, the
Canary Current, and then they call it the 'North Equatorial Cur-
rentand it comes back across. You can think of the whole motion
of the ocean as being circular, if you will.

But the Gulf Stream is very special because of the Earth's rota-
tional effect. It takes that broad current and makes it very narrow
and very 'intense.

Senator Pia.L. In connection with the that we hve for
oceanographic research purposes, I think that there are leak than
15 or so in the United States. What is the status of that flee and
particularly the Endeavor that you have in Rhode Island?

Dr. KNAUSS. You are right. Wt. e have about 15 research
that are supported by the National Science Foundation, pri
and also in part by the Office of Naval Research. it is the w' ),
academic fleet, the UNOL's, the Universig
rato fleet. Those are all modern ships, are not like the ofry

National Ocean

ships we had before, which were World War surplus ships. They
are all built for the purpose of being research vessels.

The oldest of these is about 22 years old: 1962. The generarieel-
ing among my colleagues itr that it is not going to be time fo hat
you could call a "second generation" research vessel, it is going to
be time to begin to think about the "third generation" research
vessels, because 30 years is about as old as you want for a research
vessel, and it takes us about 7 or 8 years, once we decide to do
something, to begin to have ships comingdown the line. So now is
the time to begin making plans for the neir generation of research
vessels, because the oldest of those vessels was built in 1962.

Ours is one of the newer ones, the RV Endeavor, and eve are very
fortunate with it. She runs very well, everything works, we have
had our shakedown problems with it as *out have with all new re-
search vessels, but she is now generally thought of as one of the
most efficient and one of the most successful `ships in the fleet.

Senator Nu,. Does NOAA itself have any research vessels of
their own, under the U.S. Government flag?

Dr. KNAUSS. Yes.
Senator PEu.. How many would they have?
Dr. KNAUSS. The U.S. Navy has research vessels, and NOAA has

research vessels, both for general purpose research ,as well as
survey work and with fisheries research.

Senator PE LL. But that would not be included in the 15?
Dr. KNAUSS. That would not be included in the 15 that I referred

to, sir.
Senator Pxu- So we have a total oceanographic fleet of about 40

or 50?
Dr. KNAUSS. I do not know the exact answer, but I would say at

least 30.
Senator Pxu.. Would you, in your view,' believe that we are the

leading oceanographic research Nation in the world? Is there any
other nation with as large a fleet otworkinir as hard in it, as we
are?

Dr. KNAUSS. The Russians luiVe a much larger fleet. They. clearly
have many more research vessels. Theft* much more. work than
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do, and they have very bright people, but the system is impossi-
bl use of that, in spite of the fact that they have more ships
and a lot of bright people, we still are the major research nation in
the world, as far aaoceanography is concerned.

Senator Pau.. Do we have any exchange programs or relation-
ships with our Soviet opposite numbers?

Dr. KNAUSS. We have had in the past, of course, and, to the best
of my knowledge, there are no official bilateral programs presently
in place with the Soviets. There certainly are still a fair number of
informal contacts that continue, the exchange of reprints and this
sort of thing, but I am pot aware of any joint programs for the So-
viets at this time in oceanography. I might be wrong, but I think
that is the case. .

Senator Pau.. Were there joint ps before Afghanistan, or
is this one of the casualties of the cool relations between the Soviet
Union and us?

Dr. KNAUSS. Afghanistan was certainly a major reason for it, yea.
For example, the deep sea drilling program, which has the Glomar
Challenger and now, more recently, the Fedco 471,, which does the
drilling all over the world's oceans is a joint program .operated by
the National Science Foundation, which had as well as the United
States, the Soviet Union, the United Kingdom, France, and the
-.Federal Republic of Germany, and Japan. As of a few years ago,
the Russians were out. That was, I believe, specifically related to
Afghanistan.

Senator PELL. Thank you very much, Dean Knauss. I look for-
ward, when the record is transcribed, to having a chance to read
what I missed by not being here, I appreciate very much your
coming down.

. Dr. Diaz, in connection with your presentation on brain growth
research, I was curious: were you touching there on the physical
aspects of. it, or were you touc ..at all on the psychological as-
pects as to the development of the rain?

Dr. DIAZ. I believe that the expression of behavior is in fact the
brain functioning. So, for me, I do not make a 'distinction between
physiological and psychological in that senile. Behavior is a physio-
logical event. I was referring to boob. The first thing to do is 'to de-
termine what are the deficits, and then the next step is to say,
What difference does it make? So a person has a 10-percent brain
deficit; can you notice it, will it affect their lives so that you should
avoid it? That is- the permanency and the exact nature of brain
deficits that occur early is what we are hoping to continue to inves-
tigate.

Senator Ps u.. 111 the deficit occurs in the left lobe as opposed to
the right lobe,'or vice versa, would that have a different reaction'
on the person's behavior and thought processes?

Dr. DIAZ. That would not happen.. There has been much ado
about left -brain/right-brain differences. The fact remains that we
do deal with the whcile brain. Except in unusual cases, both hemi-
spheres are receiving information, and it is unusual if you have a
trauma that would center on one and not the other, not unless it is
an injury of some sort.

Senator PELL Do you believe there is any difference between the
left brain and the right brain?
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Dr. DIAZ.. I think the way theocenebral cortex is organized and
the specializations that occur have been documented. That is,some-

.. thing that cannot be denied.
;Senator PELL. In other words, one is *lore creative and the other

is more mundane?
'1V,:.11-Az. I am not sure I would exactly agree with that.
Senator Pitta.. How would you ohasacterize the differences?
Dr. DIAZ. I would chaiacterize the difference in the sense that

there' fslso much proceitsimig that has to occurAito much higher-order
processing that itas to occur,tthat teat peiticular level, redun-

.clancy is no% goitgoto be the moat efficient way for an organism
Senator What? ,
Dr. DiAz-Redundancy:' to have itlilaterally represented. It is not

the most efficient way of processing that information. Not everyone
is as lateralized as the popular literature would have you believe,
aadithere are people who do in fact have many functions that are
baaterally fepresented. The csepability of recovery of certain func-
tions is poesible. ,

SenatoF 'Pi& But that was not my question. My question was, do
you, Dr. Diaz, fieel- that there is any diffeience between the left lobe
and the right lobe?

Dr. Daz. Yes.
Senator PEu...,,What are those differences?;
Dr, DIAZ. The difference is in not the exclusive lateralization of

fuattion but in areasitaking primary responsibility for certain
functions. So certain areas will take the lion's share In performing
certainfasks, but that is not to say that it is exclusive, it is not to
say that we are two-brained. Under normal circurhstances, there is
communication between thEi two.

Senator,FILL. I agree with yoti, creative versus mundane is not
too good. How would you describe the differences?.

Dr. DIAZ. I would not characterize one.hemisithere over the other
in those terms. You cduld 'just go down the list and describe what
functions may be lateralizedi on one side and what may not be on

. the of r.
[Additional material supplied for the record font:owe:1
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Journal of Wen**, Technology and Human Voices

Professional Unice:
President, American Assooiation for tbe Advancement of Science, 1983-1984
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am Anna Unlace, president of the American Association for the

Advancement of Science. First. a few words about ALAS. AAAS has a

membership of approximatel;i35.thousand. This immmelpasses a wide array

of individuals professionally involved in the investigation of physical,

chemical, biological, behavioral, political and.economic phenomena

and the use of physical, chemical. biological, behavioral, social,

political sad 'monomial phenomena to solve problems and resolve

The unique potential of AAAS is its capacity to facilitate communica-

tion among the neat multiplicity of scientific, engineerida and -elated

professional societies, to provide mechanisms to address issues of

concern to these orgenizatiois mod to provide public firums to*address

-*issues which involve the relation of seleeoe, engineering and technology

to society. The activities of ALAS "tenant lts.strOos commitment to the

use of science, engineering and technology, to enhance the quality of

life of this and succeeding generations.

We have a vital interest in the level and the rate of growth of fed-

eral support for investigations in mathematics, science and engineering

and for education in mathematics; science and engineering at all levels.

The $1.5 billion proposed FY 1985 NSF budget is Very reassuring. In

a period of alarming national deficits,' :his 14% increase over the 31.3

oillion'of the FY t984 current plan demonstrates the commitment'of tree

current administration to the support of mathematics. science and engi-

neering research through the National Science Fdandation. The overall

increase in NSF's R&D budget is agAin one of the largest R&D increases

.mong the federal agencies.
4
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To smells the g.SF budget, from the standpoint of MM. requires an

inspection of both the finitude and Ufa rate of growth of proposed

'Wipes by activity and subectivity. "The attached table is essentially

the budget summary table given on page 32 ie the green booklet, National

'Soignee Foundation Budget gummary Fiscal rear 1985, with one column

.
deleted and two columns added.. The oolumn'deleted is the incremental

difference Women FT 19$4 current plan and the FT 1985 proposed budget.

The added columns are FT 1980 (actual) and the percent changes from

FY 19,0 td FT 1995 cormited for inflation. There have. been a few

'arra:Mims of minor magnitudes in some of the figures in the NSF Budget

Salmary FY 1905 table as published in the green booklet.

My focus for the moment will he upon the first.four direatorates.

These four directorates account for $1.2 billion of the FY 19S5 budget

and I shall refer to these directorates as the four R&D directorates.

Two other directorates will-be considered separately.

The FT 1985 proposed budget for each of the four R&D directorates has.

a Very significant no ease compared to the. FY 1984 current Plan, ranging

from 12.6% for Bi cystoid, Behavioral and Social Science to 21.6% for

Engineering. ill subactivitieswithin the four directorates show signal-
,

cant real growth, ranging from 8.2% to 24.3$ in current dollars. The

Tern of increases for FY 1985 is very similar to that for FY 1984,

although slightly less in magnitude.

An inspection of the sutactivitles of these four R&D directorates in-

Jicate that three of the four deal primarily. but not' exclusively, with in-
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vensigations in mathematics, investigations of phyniial and ohmical

phenomena, and investigations in the use of asthmatics and physical

phenomena in solving problem. These three direetorsim ere:

Mathematical and Physical Soieaael, Engineering= and Astronomical.

Atmospnorte.Earth and Ocean Scieno2s, with a total propoped budget of

10.91 billion: OSF supported investiebbnmof biological, behavioral.

social, political and economic phenomena, and the use of biological.

bmavioral, social. political and,coonomic phenomena in solving prObless

and resolving issues are primarily; but not,entirely, grouped together in

the fourth directorate, Biological, Behavioral, and Social Sciences with a

proposed budget of $0.25 billion.

-A somewhat different petters of growth menu it the prOposed FY 1985

budget incompared,wIth_the FT 1980 (actual) budget. °By directorates, the

peroent Menges' from FT 1980 to FT 1985 (corrected for inflation) range

from decrease of 1.23 for Biological, Behavioral and Social Sciences to

an increase of 39.2% for Engineering. By subeotivity, percept changes

range from a decrease of 3e8.71 for Social and Economic Sciences to an

increase of 71.53 fOr Electrical, Computer and Systems Engineering. For

the five-year period. the funding of.Nwo other subsotivities also

decreased. The decreases are Z.2% for Behaviors/ and Neural Sciences and

14.21 for Information Science and Technology.

I raise the question of the adequacy of the national investment in

the investigatIon -If biological, behavioral. social, political and economic

phenomena and the investigation of the use of biological, behavioral,
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social. political and acomomic phenomena in solviog problems and resin

issues. This is a vety foodamental question. The answer is a value'

Judgment and can only be mode far the nation by the public thrOugh ihf Mir-

rogotes of the public -- thoseelected by the public and those pointed by

those elected.

To explore the question involves a consideration of the ways scientific

and engineering investigations serve the,pwolic good. Solince. the in.'

,vestigation of poonomena. generates shady Qt scientiflo knowledge consist.

Log of a data base. an array of methodologies and an array of concepts.

Engineering, the investigatioo of how to solve problfte, generatesa body

of engineering knowledge consisting of a data bale, sm array of nethodolo-

glen mod an array of tea. The combined body of knowledge Arose

society in at least three significant ways:-

1) It sahameos our capacities to carry on farther investigations of

phenOmena nd funnier investigations of hew to naive problems.
me,

2) It is in part the basis of our perception of our physical.

biological. social, political and economic environment, in .part the basis

of our perception of ourselves and our relations with others and In part

the hisfecier our perception of our capabilities to carry on curthir

investigations and to solve problems. And.

3) it fosters technological innovation, supports technology (the

production and delivery of goods and services) and supports the effective

use of he products of :ecnnoloay:
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four RAD directoratel is for this support of investigations

es

mathematics,

slninvestigations of physical and chemical phenomena and Love isatioes of

how to solve problems (engineering) using physical ONmosen4.

The ssientifia4 engineering ilidteChnologinal oommunityLannot solve
1

societal issuis. Only society can solve societal issues. Scientists and

engineers can identity issues, assess the nature and eagnitude of the

73

Approximately three quarters of the proposed FT 19013 budget for the

issues, identify cress requiring further investigations, propose techno-

logical options, assess the probable positive impacts and the probable

negative impacts of each option (including the option tb do *thine on

society. Societal iamb have to do with the quality of life and decisions

hiving to do with the quality of life are prerogative of the public and the *

surrogates of the public. Once the decision is made to implement a

pertioularoption, scientists and engineers have a greet deal to do with
1

the implementation of that option.

/ consider the selective use of technology to enhance the quality of

life of this and succeeding generations to be one of one nest significant

societal issues. Concerns related to the quality of life include national

and national economic growth but are in no sense linit'd Co those

two very significant issues.

Every technological change, brought about by either transfer or inno-

vation, has a negative impact on society regardless of how great the

positive impact Of that technological change upon society. There ik no

direct proof for thlt statement. For some years T have chplenged

a
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audiences to site examples ofIschndlogical cheese for which the statement

is not true. t still holow of no maple for which ibis not true. The

subset of society that deriven the benefits sag not be the subset that

00

bears the burdens. The time frame within which the benefits become

evident may be quite different from the time frame within which the burdens

become evident. Th.0 nature and magnitude of the benefits may be quite

different from the nature and the magnitude of the burdens. The is. of

course, to eel ively use teobmology to scheme* quality of 1 and

more equably perste the benefits and burden* of teohnolosical *hangs,

Me have yet to develop generslly sooepted quality of life indicatbre

and the preoti of twang soonosio indicators is at beet very' inadequate

IF substitute. particularly-lithe be disisigresetel

monitor idestifiehle subsets of soot y in. successive time intervals.

The sweet/bitter;ocesequence of bechnologioal change is not a,unique

characteristic of technological change. It is instead a cheroot:risotto of

change - all social, political and economic change. The goal of tech-
.

nological transfer and technological innovation is change. A

Traditionally, engineering-ban been the investigation of problem

solving through the utilization of physical sad chemical phenomena. She

C..

-Pubsativitiespor the 13' Fl 1985' et of the Engineering Directorate

encompass this type of engineering. Today, engineering also encompasses

the investigation of problem solving utilizing biological phenomena and

terms soon as bioengineering sad genetic engineering have become a part

of our language.
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Parallel appromohes to the solution of problem and the resolution

of 'palatal issues involve and utilise behavioral, social, political' and

800601010 pbeeamens. Societal issues such as abused children are only very,

remotelrfelated to physical phenomena and the resolution of _such issues

is not to be found in the utilization of physical phenomena. Sven the

resolution of issues, such as vast* disposal, which do involve physical,

chemical and biological phomomans are dependent up4s the resolution of a

host of behavioral, social ecoacedlo and political problems as well as the

\ development of technological options involving physical, chemical sad

', biological phenomena. The approach to the resolutles of international

liconfli*through negolption is Nighty dependant upon the kmowledge sad

understanding of the social, amosomis and glitieel structures and

priorities of the satiate Imvolvarand em4derstindIng of the relation of

proposed solutions to those structures and priorities.

To assess the adequacy of tie 'fadersI -support for basic ressareh in the

behavioral and social sciences goes far beyond a consideration

of the NSF budget. under the prOposed FT 1985 budget, NSF would support

les* than t7% of the total federal basic research effort. Ws are all

familiar with the support of investigation of biological phenomena An do-

pertnonts such as Agriculture and Health and Hunan Services. Other sources

of support for investigations of behavioral, social, political and economic

phenomena are not as visible.

I as a physical chemist and as well aware of And very proud of our

Notion's tremendous capabilities to investigate physical and chemical

phenomena, to use physical and chemical phenomena to develop technological
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Options and to use the date Woe, the methodologies and the concepts of

the pical sciences and of engineering to investigate biological

phenomena and to investigate extremely large and complex systems such as

the oceans. The capacity of this Nation to plan and undoubtedlyld and

effectively use the long base line array of radio telescopes is an

elegant display of past accomplishments and current capabilities. It in

exactly this pride in the past and tide confidence in our ourrent

capabilities that leads me to be so concerned that limited knowledge and

understanding of behavioral, social, Political and economiLielenomens

could inhibit the resolution of societal issues and the.eahmeassent of the

quality of life.

The AAAS Board reanalyse the synergistic metre ot science and engi-

neering and also the growing unity Of science and engineering, even

though the disciplines of science and the disciplines of engineering are

rapidly proliferating. The AAAS Board is in the prompea'of taking to -the

AAAS Council a recommendation for a change in AAAS,goals to reoognize and

facilitate the growing unity of science and. engineering and the AAAS would

support the investigation of mechanisms to bring scienorand engineering

closer together4in federal agencies.

The Scientific, Technological and International Directorate CSTIA) is

quite different in structure and foundation from the four R&D directorates.

One of its more interesting features is that it coordinates a number of

activities which are carried out by the RAD directorates and funded through

the R&D directorates in the proposed FY 1985 budget to the extent of $80.7

million,. These special activities include the NSF Small Business Innova-

:ton Researcn ?mlsrac.s.ne :ndo-US Science and 7encnolog7 :nitiatie,

BEST copy AVAILABLE

80



77

Research Opportunities for Vases. presidential young Investigators Researott

Awards and Support for Freaninsatly Undergraduate institutions. This

approach assUres the standards of excellence and processes of peer review

cheracteristio of OF RAD directorates. It is too early to asap, the

success of this . In principle. Ctind thp spproseh attractive

and suspect that the roe of success will be closely related to the

quality of oversi thin STIR and also the level of oversight of the

OF Director. Zr will require diligence to assure that these activities

do not become diffused end possibly distorted or diverted by the R&D

directorates.

Another subectivity STIA:is policy research and sealysis. I bew.

lieve that this should involve two types of research apd I an not confident

that it does. livirtwo types of research ere: 1) research on science

policy as a discipline and 2) research and analysis as a basis of forau4

lilting agency or goyernmeot poliefes dealing with solenee. technology and

natural resources. Both types of research and analysis are importilot but

they are different. I believe that it is important to recognize end main

tamp the difference. In the first case, the investigator is a student of .

science policy and presumably hci no vested interest in the outcome of the

analysis. :n the second case, the invecnigator becomes a participant in

the formation of policy dealing with science, technology led natural

resources and may impose personal value judgment on the outcome °tithe .

.

analysis. There is anpre evidence offresearch of the second kind. It is

not clear how much support is divan to investigations of the first type -
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the ressersh essential to the'developsest of the discipline. of science

palsy. The first type of research wallets the type of research

essential to the development of:the discipliqp of chemistry. .

STU also has the'respensitoility to condbot surreys and 7aintain the

satins. resource data base.% ALAS places s highvalue on the potential

Inetulness of this data base for research, including reseroh to assess the

entry of wens, minorities and the physic011y handicapped into scientific

and elginseritig careers and the sovement'of'Comeni.minorities and the .

physically handicapped op the career ladders of selestifie sed.enginsering

professions. IN reconsend oversight to insure that dateless fur

sniestitio sad amginiering personnel isa a disaggriistai to.001,1ibie

lefornatios.

Thepf Mg budget for tbiloinnelesd Enelneering Education

.Directorate is stated lm terms of floe subsativities;.Gradsate Efecorldisi

fellowships and Presollege EoleSce - Methemetics education.

A sadist increase in feeding for fellowships smite, forw monest,

increase in the weber of fellow hips and in tbs.:stipends of the fellow,

Ships. This well-established program raisins latest.

The proposed FT 1985 budget is fl% lower then the funds made

Available under the Fr 1984 current plan for ereeollAge scions;

mathematics edueition.

I find this cation to be absolutely astounding. Even assuming that

Congress will intervene and increase the funding for prectalege education.

the Science and Engineering Education Dreotets will have been denied the

opportunity to design and to present a coherent program. The course taken
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. by the Directorate asses to be the presentation of &very nebulous array
,

of programs that far exceeds the level of funding made available in the

,proposed napt. There will uadoUbtedly be grapnels nib some aeritorioui°
. ,

proposals will be funded, but there will be no identifiable thrust by the

National Soienbe Foundation. Wit need leadership from the National Science

Fpundation in precollege education and in of opinion, we do not have it.
.

I serve qn the Education Commission of the States Task Force on Edna-

0
tin for,Ennomic Growth and am well aware of the initiatives being taked

in many of the states largely u a *sanguine* of.the leadership of the

governors of those stets*. The prairies being made Wimpressive. These,

initiatives for thir most poet address the enviromment idithin which educe-

Lion tikes place - the 'umber of required oo2raes, pay fqr Linkers, 441

availability of nmipmen, the length
4=
of the school day. the length of
drap

m e*, disciplinev aio. They do not- tend to address the nature

national experience itself. To address the nature of the educe-

rience .411 mathematics and e enne for all students at the pre-

college level is, tore, uniquely appropr ste to the National Science

'Nguundation. In the emorgaibord of pr

budget documents, there are opplrtunit

eabcational'experience but there is no

an intipned in the supporting

address the nature of akc 6

s

thrust. The value ofthe Until. I0,

seduld exceed the value of the sum of ttaparts.

plsce.of the NSF in 'prison 0 'education must be addressed by

Cogigiltis dueing this session of Con Tess. Thelfational Science Board

(NSB) Commission on Pre-College education .first met ,in July 1%42; it

transmitted its report to Congress.. and to The N38 in September 1983.

fix
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, for soother year to 0 by without vigorous action will be negate 5he

respensibilit the ASS..

The oder of this statement will consist of brief comments on ii-J3

variety of oral issues.

me tonal otiviti .
AAAS interests, goals emi, practices are

entirely sistent with the National Science Board Statement on Science

in are International Setting (September 1982) and it is not necessary to

restate those principles here. (A copy of the Beard statessent is

attached.), fie urge & stable rate of groWth in the support of programs

consistent with the ASS statement.. One of the AAAS activities is to serve

cal the secretariat for the Consorting Of AAAS Affilisted Scientific

Societies for International Programs. The Coneertius provides a

communication systenfbr about 70 solentine and engineering sodistiso

with international ,programs.

Access to, computer facilities 4 electronic *formation systems.
V

AAAS recognizes the essential nature of ready access to appropriate

computer facilities and to scientif4 and engineering information for all

scientists and engineers in all scientific and'engineiring disciplines and

we urge isi to assist scientists end engineers to discover.the potential

of computer mmthodologies.appropriate to their research and to facilitati

access to compUter facilities and information systems through networking

and siting appropriate computers at strategic locations: In particular, we.

make the plea that scientists and engineers,; in subdisciplines that have

yet ta embrace wholeheartedly-computer methodologies, be involved tm the

strategic planning far the Installation of computers and the development

&115-

f networ4s.

84
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We recognize that computer geUtrations follow comput4 generations

and. that only long-44r planning can insure the availability of the lateit

generation 05, computer systems. 'Access and utilization to these advanced

computers and.inforsation systems is revolutionalizing the ways in which

scientific and engineering investigations are carried out. This is an

issue that goes far beyond the capabilities of aneone agency to address

in egi adequate fashion for the nation. It calls for strategic thinking in

terms of what are appropriable national actions -- governmental and private.

-- add how the support shall be provVied,

i sties (Personal comments) The scientific and

engineering ocenunity we shaken by the oirauestenoei under which some of

the assistant directors at NSF were asked to leave in late 1982. At the

time, I wee assured that I would be reassured when the identity of the

replacement) became known. The sad fast ig that five of the directorates

discussed in this statement are still operating under the leadership of

acting assistant directors. Equally troubling is that several of these

acting assistant directors continue to fulfill as well the

responsibilities of, the positions they held before thew appointment tean

4acting assistant director. This fib not reassuring to the scientific and

engineering zommunity.

Second comment_ During the last years that I served on the National

Science Board, I :haire16-d the Program Committee of the Board. On the basis

of that experience. : strongly support the recommendation of the '.:hairman

of the National Science Board to amend the NSF Act to eilow the Board to

!elegate the Director approval authority for grants that do not euped 36

;:.3 1C-1.on in any ,ne year. Eien 13 mu 1)7-I
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,1111640`-.4 million excessively focused the attention

juml it was easeatially impossible to develop en

tavitlea-o$40win the support of mull science.

...!Alfinks7111-cammeentl. I regret the Patterehf

comdiVeept to science and engineering education against

search in science and engineering. Many of useMsCover.
r.

sed the (may and it is us. We are committed to both. This

1'1

tuated by the frequently reoccurring patteOn of a very.

et for Selea00 and engineering education being raised by

Increasing the total OF budget. The net result ha that

transferred from research to eduoatiess." I erstankths game

that ill being p/Oyed but I wonder if those who play it
J- .

how

divisive it is to the 'scientific and engineering community. iesearch and

education are synergistic and they should be perceived to be synergistic.
. .

Oenirel Comment. (Personal moment) The NSF FT ISIS proposed
5.

btglget is a strong budget and any criticisms that.I have mode and questions

that I have retied are derived from ny confidench that tar La a vital

foundation and that it is fully capably of-providing an even higherfevel.

1

leadersnitiOrd service to the scientific andsmineering cOMOWity and

to the Nation as a whole.

a

t
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The honorable 8rrin G. Sketch
Chairman

I.

Committee on Labor,and Nudee.itesquroms
United States Senate
Washington, 0.C. 20510

.

Oare
,

r Senator Hatch: 4 ./.*''j
.

. . ..
As the world'i lerges1t scientific society dedicated to a slille disci-

' pline, the American Chemical Society offerslate following observations oe the
Administration request for the National Science Foundation for FY 1985. Our
comments focui on the proposed funding of chemistry research. facilities,
Instrumentation, and science education, as well as on the general state of the
chemical sciences, and how the federal gove4sment can continue to advance it.
We hope your Committee will find these comments helpful in your deliberations

-. on the NSF authorization.

The importace of chemistry to the national well-being must be fully
i

recognized and exploited. Chewistry leafage% on virtbally every aspectef our
daily lives, an4 Is fundamental to such vitally important scleatifivendeavcws
as petrocheeical catalysis, proceSses, high performance plastics.

devices. 41n interdisciplinary sci and tithnology, chemistry is critically
nelkSeradvances in medical science and hilt and new electronic motorists and

knportantwin understanding synthesis and proPerties of metals, ceramtcs. and
Inlymery serface and interfacial phelpumna relative to adhesion; wear, cor-
ebsion, and bloconpatibility; electronic, optical and magmatic behavior of

... materials; and developeeNt of medical devices and materials: to nose just a
few. .

1
.

. 1 4

While the Society is-Sseartened to see that' the NSF FY 1985 budget for
cholistry is slated for a healthy increase, the oppetunities before us in the
field could justify a frr larger incregse then what is proposed. Seginding
with an Inadequate base, NSF funding for chemistry over the last decade barely
kept up with inflation. At the same tine, the oast of doing rampart., rose
much faster than inflation, because of the increasing sophistication of re-
search instrumentation and the increased test of the support structure needed
to carry out high quality resenrchl: As a result, fumy expellent research
prcdects were funded inadequately, and many more could not be supported at all.
Meanwhile, the. support structure fur both research and chemical education
continuedto deteriorate due to lack of resources.

,

an

1

,

, I
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We 1U.insure that promising research directions are fully explored.
guarantee that the Wean resources needed by our industries are forthcoming.
and maintain the research and education support structure necessary to a
healthy discipline. In this regard, our major points on the FY IONS authori-
zation can be summarized as follows:

In genera). ACS is pleased with the proposed NSF budget request for
chemistry for FY 1985, although greatly increased support could easily
be made use of.

:

ACS favors the planned increase in NSF support for instrumentation
purchases, and also reccmmenqs that funds be Available for operation
and maintenance.

The government shoold study the problem of aging facilities and resat.
impact this has on Oks. science.

ACS favors the planned NSF effort in supercomputers, but stresses that
the commitment must be a lopg-term, sustained one,

ACS ipplauds the efforts of NSF in developing special progress to
encourage young investigators, women, and minority students.

ACS favors an increased NSF role in precollege science and mathematics
education. but believes more support is'needed than MIS been requested.

In general. state governments and the private sector need to address
the problems of education and Wog facilities, since the federal
government cannot solve these problems by itself.

enclosed discussion paper goes into all of these points In greater

The American Chemical Society is an individehl membership organization of
than 130.000 chemists and chrical engineeet.roflecting a broad spectrum

of academic. govermeental and Industrial pursuits. The Society appreciates
,this opportunity to submit its views on the role of the National Science
Fpundation and the state of the chemical enterprise.

, .

data

Enclosure

I

'88

Warren Niederhauser

-
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I. .1HE VITALITY OF THE ACIENCE OF CHEMISTRY

"This is a time of special opportunity forntettectual
-advance in chemjstry.. It derives from our developing ability
to probe the elemental steps of chastest change and, at the
sane time, to deal with extreme molecular complexity. They
account for the recent acceleration of progress that gives
chemistry unusual premise for high return from additional.
resources." ...

These words, from the, panel of the National Academy of Sciences which .

recently briefed the Office of Science and fechnologyftlicy si.selecatd
opportunities for research in,chemistry, capture the vitality of the chemical
scienc6. The panel noted three promising research frontiers in which immedi-

e ate funding increases would provide dividends: (1) Understanding Chemical
Reactivity; (2) Understanding Chemical Catalysis; and (3) Thehemistry of
Life Processes. A total of $75 million in real growth has been reconraended
for FY 1985 at appropriate to take advantage of these opportunities. About
$50 million of this growth would be In NSF feedings t

The timing of the CISTP research briefing (October 13, 1983) was rather
late in the cycle for the NSF budget formulation. -ire hope that is the reason
for the much smaller increment. that appears in the budget of the NSF Chemistry
Division which rose $12 edllion,'about $7 million above inflation. Neverthe-
less, ACS is cognilint ofthe current politiEat realities, and therefore we
appreciate the modest but real growth in the FY 1985 budget of the NSF Chem-.
istry'Division budget. fie mention the IPS reoommendatiOns to indicate that
much higher funding levels for chemistry would not'be Wasted; The ACS
gems that the NSF designate increasfIg funding for chemistry research as a
major initiative in its foriulation of the FY 1986 budget.

4

II. MAINTAINING THE PHYSICAL INFRAORUCTURE FOR SCIENTIFIC RESEARCH'

A. Instrumentation

The ability of our .institultuns of higher education to perf research
mtd educate students is inceessingly dependebt Wog access to to-date
instrumentation. In research such instrumentaajon is needed for WO observe- .

tion of MWE phenomena and testing of theoretical models.

Recent surveys, inctudi g one conducted by the ACS Committee on Science,
have show, that our rash's and uhdergraduate departments orchemistry and -

chemical engineering have ellen behind in this area. This problem is
aggravated by the increasing difficulty in obtaining matching-funds. It is
estimated that substantial ex0enditures will be geeded in order to gfrovidb
adequite instrumentation to our college,, and unipersities. Both private end,
governmental sources most be tapped if the problem is to beleffectivIely
addressed.
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The ACS commend the NSF for the steps the foundation has taken to In-
crease support for scientific instrumentation. 'The Society urges the NSF to '

continue its effort to fundInstrumentation purchases, and also fawn support
for maintenance of the Instruments, once acquired. At the same tfme, we hope
the Foundation will assistgin gathering and disseminating information about
alternative financing mechanisms which academic institutions could use for
purchasing instruments. In short, we strongly urge Congress and the klundau
Lion to continue to pay specidl attention to this major weakness in our
nation's ability. to perform academic research. I.
8. 'Facilities

.There are signs'thaour physical facilities for scientific research and
education are deteriorating due to age, and that schools have difficulties .

finding the capital for building and restoration of facilities. We should not
,ignore what may well,* a great problem ahead. However, the magnitude and
nature of the problem are not well understood at this tide.

The'ACS believes that the federal government should sponsor studies to
deve4ofrap undetstanding gf-the problem. It should be recognized, however,
that if the magnitude of the problem is great, the federal government cannot
be expected to solve it-by itself. State governments and the private sector
must. also bear part of the responsibility for developing creative and innova-.
tire solutions.

- C." Supereomputirs

The ACS supports this new NSF of to make supercepPuting facilities
available to its grantees. The pl highlighted by the Director of NSF
rep:3ft a good beginning.-.ACS is most concerned about ensuring that the
eff backed.by a continuing 'commitment to increase access to itiper-
cil4plieg\for academic research scientists and intlineers. It is crucial for
the National Science Foundation to take the lead in this area.

AP
ThetTask Force 3h Large. Scale Computing of the American Chemical Society

has just completed a review of the,k1nds of problems in chemical research .

which can be studied within a reasonableramount of time only with the use of a
supercomputer. The Task Force concluded that supercomputers will-be ,important
to chemistry in three broad areas: (1) numerical cdhputations and simulation;
.(2) Artif4cial intelligence including-expert:syitems, patterhrecognition, and
symbolic manipulations; and (3) the developmen of and access to very large
scientific data bases.

4

Also, the chemical sciehce community seeks. articled* in some form of
interdisciplinary networa--not necessarily a single con oral network- -

which woulb permit tetminal-lo-tenninal communication
ready access to numerical and bibliographic data bases; access to calcu-
lating supercomputers. This network should allow fast e icient transfer of
large quantities'of information such as very long programs.

,

o
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-Projecting into the fiiture, the Task Force also recognized that certain
problque need to be addressed if our scientific enterprise is to proceed
beyond the stage of piecemeal ude of supercomputers First is the need for
users to agree upon some level of standardization in formats, descriptive
vocabulary, symbol sets, and perhaps other aspects of computing. Second, a
mechanism must be devised for identifying the needs for large data bases.
Finally, an effective feedback. structure is.needed between supercomputer
users, especially those at the scientific frontiers, and the industries de-
sigping and' constructing the machine hardware. Except 1i the national defense
sphere, interaction between users and designers seems to be virtually non-
existent in the U.S,

III. NURTURING MARIN CAPITA/ FOR SCIENTIFIC RESEARCH

A. Support for -Undergraduate Programs

The ACS applauds the Foundation's intent to increase support for predoed-
neatly undergraduate institutions through the research directorates. We
understand the thrust of such support to be on research. However, a problen
which is not addressed is that actuate departments of chemistry have
nowhere to turn to at NSF for assist e in modernising their laboratories.
Since these departments are the source oil all of our American candidates for
graduate work in chemistry, federal programs should support instrumentation
needs and theieprovesent of laboratory facilities, for undergraduate teaching
and research.

O. Research Support for New Investigators

It is appropriate that special programs be developed to encourage young
investigators, women, Ind minority scientists, and to ensure them of the
opportunity to try to become-fully competitive when seeking research support.
The ACS appreciates the greit sensitivity shown by the NSF management in this
regard.

We therefore support the Presidential Young Investigators RgIllearch Awards,
and the Minority Research Initiation Program. We are also encodraged by the
Foundation's decision to provide initial funding of $0.5 milliod for Research
Opportunities for Women. We hope that this modest beginning will be followed
by increased support in subsequent years.

The ACS and its Women-themists Connittte are very pleased that the Founda-
tion doubled the FY 1904 funds for visiting professorships from $1.0 to $2.0
million, and is proposing to maintain this effort at the same level in FY
1905, to respond to the substantial number of exceptionally high quality
proposals received.

In addition, we recommend that grants and contracts be made available for
programs in science and mathematics geared to female and minority student's in
elementary and secondary schools, and in higher and continuing education, and
that career reentry programs for women be reinstated, but modified to include
reentry into academic careers,' and not just industrial careers as in the pest.
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V. SCIENCE EDUCATION

The American Chemical Society is pleased that the National Science Founda-
tion will continue to play an important role in helping solve the nation's
current problems in science and mathematics education. The re-establishment
of the Office.of Science and Engineering kdncation as a Directorate of the
Foundation is applauded by the Society as a proper recegditioe ofthe
tame of education in science, mathematics, and technology.

Again, itshould be made clear to all concerned that the problem is ono
which the federal government cannot be expected to solve by itself.. The
government can and should provide leadership and attempt.to instill a sense of

.,the importance of the mission to upgrade the quality of science and math
'education. But state and 'Niel government, and the private sector, most
kacome involved in order for these efforts to succeed.

While we are pleased that there appears to be a renewed federal commitment
to precollege science and mathematics education, we believe that the.federal
effort remains inadequate. We continue to call for the development of a
comprehensive focused policy that will provide long-term solutions to the many
problems facing precollege science and mathematics. The ACS urget'Congress to
encourage NSF to obtain its decbssary complement of knowlidgeable staff for
the Directorate of Soience and Engineering Education,

,

The ACS believes that NSF should continue to play a major role in both
initial and continuing education in science, mathematics, and engineering at
all levels, from precollege to higher education, including graduate research.

...NSF should also be the leading.agency to support the intellectual development
of educational approaches, educational reseanch and analysis, add* dissem-
ination of information in science an mathehatics education.

We rec that NSF, as its highest priority, focus its efforlts,upon
providing f to help current teachers upgrade their subject matter cook-
tence; and to enture that' new teachers are sufficiently competent in subject
matter knowledge to meet the standards necessary foi- state certification as
"fdil-time teachers in their discipline.

Hence. 'we are pleased with the stated intent of NSF to °broaden its sup-
port of in-service teacher training activities through local and regjonal
workshops". While uncertain atto the extent of this °broadening°, we trust

''that this ha lies an even greater level of support for this activity than
found in the FY 1984 budget.

The Society believes that the teaching profession needs to be made more
attractive than it is now, both in terms of remuneration and social prestige.
Thus, we support the Presidential Awards Program. We also consider the Pre-
college Materials Development Research component of the budget to be essential.

We view with a great deal of interest the attempt of the Foundation to
initiatepartnerships with business,"industry, and state and local govern-
ments. The utilization of resources from many organizations and institutions,
including professional societies, should bring all groups concerned ,into
closer working relationships with each other.

p
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kit were, of course, pleased to learm that the General Servicsm Administra-
tion NU just-approved a charter for a new NSF advisory committee to the
Science and Engineering Education Directorate. NSF should also establish
external rev* panels composed of knowledgeable scientists, mathematicians,
and engineers to critique directorate programs.

Finally, in the past, results- -both positive and negative--of science
education projects have not been shared widely enough. Therefore, we appreci-
ate the intention of NSF to take a more active role to ensure wide dissemina-
tion of the results of projects.

In conclusion, ACS supports the efforts of the Directorate'to improve the
quality of precollege science and mathematics education in this country, and
we stand ready to assist in this effort.

American Chemical Society
,_411l/84
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MIX AND SCIENTIFIC AFFANDLIOADO .

ANISICAN kOCISTY VOIR 11111C111011110LOOT
MS I gnaw, N.W.
Wom an's,. D. C. D06
mesawow: Coss Dfd. 1014SPI

April 20, 1984

The Removable Orrin C. latch
Chairmen. Senate Committee potshot...sad Demon Resources
SD-428 Dirkeen Senate Office Buildiag
Vashiatee. D.C. 20510

Dear Chairmen Batch:

The Public sad Scientific Affairs Board (PSAll) of the American Society for
Microbiology (ABP) wishes to submit for your cousiderstion the following cam -
meats om the Fiscal Year (FT) 1985 budget for theletional Science ',sedation
(NSF).

1.

The ABM is the largest single biological life science organisation is the world
with an active tembership of over 21,000. Many of three individuals are engaged
is biological rematch and a minable camber are recipients of admi-

nistered by the NSF. largo somber of area are represented" their
interest', including molecular genetics photosynthesis. nitrogen fixation, vege-
tation of goo supreasios, lemmata", otology and other:. Our comments are

directed primarily-to reeding for raosarch and trainiag conducted by the MSF

Directorate for Biological Behavioral sad Social Sciences (1188) sad proposed

ameadments to the National Science Foundatios Act of 1950.

The Adhisistrattoa km proposed a level of spending of about $ 204 million for

the biological sciences in its FT 1985 budget request for the 18F. This repro-
*sato an iecrease.of eggcmimately 122 over the projected FT 1984 eispenditure.
The PUS supports this totems, as a positive etep toward fulfilling Wirs
missies to support basilic research in biology. We believe. however, that seen in

historical perspective, it Le a relatively small step towards the restoration

of the proper role of the NSF ft the support of Note biological research.

The seriaososse of the situation is illustrated by the fact that the budget for
research in biology at the NSF has remained level between 1978 and 1983 is term
of 1972 comtest dollars. This represents a considerable setback if you mu- .

e ider the extraordinary growth of biological research'doting that period.
Scientific opportunities in biology have Locoweed dramatically an a reseAt of
major breakthroughs in molecular Emetic techniques. The ADS Directorate bee.

had-to mike extremely difficult choices betels** funding seem a moderate umber

of grants and awarding sufficient Nada for the carrying we of research pro-

jects by investigators. It has bad to steer a highly smatiafectory middle
course, as illustrated by the @Unbitten for one of its compooste. the
Physiology, Cellular and Molecular Biology Division (Pal). Betimes 1978 and

1983 the average sward decreased by *boot 102 in 1972 constant dollars.; Over
the same interval successful groat applications decreased from about 402 to

slightly over 302 of the total applications !submitted. Those, both the dollar

value of saressabal greets and the properties of successful grants decreased
over this period.

In FT 1984 the IBS Directorate has begun to fester** es the result.of

a 14X increase in the budget ter biology. As 'toted our letter to Congress
lest year, this will result in the begiaitOrld the -up goaded to restore
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the ability of the 118, to carry out its proper missies. Ve twisted out let
year that a typical 1952 great paid, at beet, for'we edited technician, a for
supplies *ad so restoratiao or aquisttion of equipment. the FT4984 increments
to the budget are betas used, wisely is miopinios, to increase the Talus of
successful greats. Thus, although the dollar value of groat. 'increases by 142
in VT 1984, the ember of feuded greats,tecresses negligibly from 1,491 tegs1,50S
for the PCN Division, as Jerome of oe1y 14 stmts. the figures peak of the
,very large infusiee of feeds that would be necessary to support a siseificent
somber of meritorious research greats at level aufficieet to carry out the
week proposed.

.

4-.

While the support for research activities at NSF is at least beaded in the right
direction, the sae: cassot be said for timo'bra,Zng beige. The FT 1985 pro-
posed budget contains 3.42 increase for Cr a Research Fellowships
SSFwide. Since the mastoids would Asterisms, by.142, this repterate e decrease
in the *umber of trainees. This leek of substantial terse* in support of gra-
duate and postgraduate teasing does not allow 981 to address the urged need
for qualified ecieutists in several important areas of biologic. To use micro- ,

biology fns 49 efftveries otemple.'the number of new rh.0.0 in this field has
remained coasts= at about 350 per year for the last 15 cease. Is the gems time .

the depends in area .related to bietocksology have Uyrocketed. A, recast study

by the 'attest Academy of Sciences bee a thief of the swell,
produced Ph.D.s in imeleolosy will be cloyed by industry. This figure tears-
seine the lowest estimate of!!! job*' created in this Redd. Similar numbers b.

for other areas of microbiology indicate that the dogged will belles acute
4 within a short time. to retest yaws it hes bee fashioaabla to conclude test

tbeslecreassd said for 'sadistic possessed could result is ae.oversepplytsf
'Ph.D.s. 'Whatever the merit of this geseval Serception4 it iecertaials off the
mark in fields of edema that have sees rapid academic mad industrial doetilop-, %
meat.: This country mays vasitly tied itself at a competitive dissiventage

..
with regard to personnel l4 to fill reseirch position. Pair this reams'

we urge you to consider substsatial supplement to the graduAte treaties budget
of the NSF. In the erea'of microbiology a 152 amental'gtowth seine called for

. over the net five roes. This would result lo the ling of the ember of .

new Ph.D.s.s is this field suectrted by NSF.

We take this opportunity to commeat'es the ameadments to the Notioaalltience
Foundation Act of 1950 regarding the role of the NSF is ensiveerinkreearch as
proposed by the Noose Committee on Science and Technologic. As micrabiologists
we ere involved is both bode research end its engineering appliestioes:
Biological Fracases. meetly employing micreerseetems, play as increasies role
Amet food produetion, dieposal of wastes, foriedtatiou, sad miens of 'deals, to

just a few arse. We view with" concerts the proposed cheeses beceeme- they
do et take imp oec -eat the selective paters of the interface Navies basic

i
-.research sod fro east-Peering applications. As written the changes call for a

pervasive marriage of the two in all activities of NSF. Such a antes should sot
be Imposed across -the -board because different areas of *emit research ripe at .
different rats. The time and nature of t opplice cox often met be "

!trecess. As as example. the development of gma patisseries comedies lies
rough a technological route that could not be predicted as receatty as twenty

years ago. It is unlikely that this developeat would have been fostalid by a
congressional mandate. Thus, the merging of basic research eq0 egissering

s

a
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ehewld beLhesed osi specific coneideretiase-Of the state of devilepaget of
fereat fields of octave,. .leevitablyr*

istivesed.enIsa.u411 14444.o oadpetitiaa
for Nide, Siete we have as wwwweece that melee for mew inactions wIll be
added so the IMF budget. Should.oei activity win, it will be at doe expense ofthe saber. with comity:mime that are certain to be maprodective. ;

WeLvould such prefer a continuation of the presume ernes, which deals with spe-
cific areas of applicatfees of scieetificfisdisge. The poir. ban beei'issponsive
to the seed to foster taehoology transfer. as seen by the lacrease is the budget
for its engine:ries directorate. it hes deneestrated esseitivity sad sophist!-
.catioe is the light of considerable external pressers for sepedient bat mot
Jaime:sootily appropriate solutions. It .ebeeld be eacouraged to doetinee.alleog

.these Uses. I

a t ;460.4a d4a.
Na appreciate the opportenItyte lessews-,ao.D.a pc __additional informal co4Spidirier

r
Sioarely,

VrA404- 444116.4."
Robert P.Milliasevlbilk-..
Prealdeet, loseicawiaiiitrittr'-
DicrobiOlogy

* -,110tIfik .9. $01.0r110111, 'Th
01414eRl"; Itellfitkfic.,. itAt!lirt40" !

c !'

tpSetit; ;W-11...C,
, Moselle Stbasekter, Ph.D.

MaleZusk
Chairmen

ti
,Cadsei was on Desetic tad,

,
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'COMM**, Of SOCIAL CE ASSOCWIONS
I755 Mnssechuints Avant, NW, Sulu 500, ilinshbegeon,D.C. 20036 4021.2m-nof

Honorable Orrin 6. Hatch
35 tassel] Senate Office Bldg.
Washington. DC 20510

Dear Senator Hatch:

I Am writing on behalf ofthe
represetted by the Consortium of
the Senate Committee on Labor afid
FY 1985 authorization for the N.ttenai Sci
Behavioral Sciences Directorate (BS).
million should be earmarked for research
and $1.4 million for research in informati

. April 26. 1984

social and behavioral icilptists
ence Associations (COSSA)10.nve

rCeS to i1ncrease tt, $5 millton the
seen Foundation's Biologics) .a(
this $5 million Increese,43:6..

social and behavioral . sciences

science.

The NSF social antbehavioral science research progress. were cut severely
in FY 1981 and FY 1982 and are still being funded below the Ft 1980 level in
current dollars. In constant dollars. these progrepes arewover'30% lower than
they were five years ago. An increase in the FY 1985 authorization for these
programs will provide needed support for research is Such important areas as
the economic impacts of deregulation; cognition anrlearning in science and
math. change over time in family income and its effects* individuals and on
the family, the study of the'origins of human society, and commenications and
information technology. ;.

Without an increase, support for the social' and behavioral science
programs at the Foundation will de9ine relative to other sciences. In
FY 1984, the social and behavioral science programs are receiving 1.8% of all
support for research and related activities.. In FY 1985. they will only- .,
receive 3.60.

. !The Labor and Haman Reseerces,Coopuittee recognized the importance of
social and behavioral scloece research in its report on the FY 1984
authorization for NSF Wheel It stated:

I

Evidence pkesented to the Committee, and in other forums andpablications.
suggests that the scientific potential and economic payoff of.the social
and behavioral sciences has been underestimated in recent .years. Over the
next several years the Foundatibn is requested to make 'raft effort $o
provide resources for -tie social and behavioral science programs to enable
thee to meet their scientific potential.

COSSA urges the Committee to continue that recognition by increasing the
fending for social. behavioral. end, information science research in FT 1985 by

Sig erely.

Roberta Baistad Miller
Execut4te Director

4.* 40,08n..0 Mww . *W.. in I 11w.. Awe /Ann AMP.% .b..wtwal Awn tin.. Amen. an ftdp id ...Mr AM.( haft*
Aa.vex an NT. 641Pe 4411,0 'nn mM.ueal Pmeettasiaa Ammons setheici Ae.tw vbevn

ni Iimentos ( only AA.. 4Anniann Amern an 1 ma iellott I tilnnin iaceety.t
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CONSORTIUM Of %did SCIENCE ASSOCIATIONS
114AssAciarians'Aveasi, Suili KPO. WAsliiictor., DC. 20056 1202i 2,4,70)

At

TESTIMONY OF TIVICONSORTION OF SOCIAL SCIEMOB ASSOCIATIONS
ICOSM)

I

6n the

F? 198S AUTHOIRIMICIN FOR THE NATIONAL SCIENCI FOUNDATION

Prepared for the

COMNITTEK ON LAS= AND HUNAN RESOORCES

DEISM STATES SENATE

The Honorable Orrin G. Hatch, Chairman

April 26, 1964

$4,.4.11 ,1414110P0.11141 Arart.tarrow "macro 14 Alwata.arit Itiater tebtorrtai Atioualsoll Amerrarms Idirbtal Wow* AmertraIrm

. 4m/rms. Pwthstagrtal Areetrarson Itaterwen 1001arpc4 Aftstorrtrea IN0artciNt 110114141 41
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Mr. Chairman, the Consortium of Social Science Associations

(COSSA) is pleased Ito have the opportunity to submit the

'following testimony on the PY 1985 authorisation fok the National

Science Founds

?:

qn (NSF) tot the Committee on Labor and Human

Resources of th U.S. Senate. The Cdnsortiqm represents 175,000

,scientists across the full range 0 the social and behavioral
.

science disciplines. A list of.COSSA Members, .Affiliates and

Contributors is attached to this testimony.

COSSA is pleased that the budgint request for the National

Science Foundation includes an increase of 13.61 for FY 1985.

Despite the'severe constraints on thePY 1985 budget impOsed by

. the size of the fdderal deficit, we'believe that it is important '

to maintain the nation's investment in basic research. Without

'eh continuing investment, the United States would become

increasingly less able to compete with other nations

economically, the quality of our science and inventiveness of %

our technology would decline, and we would weaken the flexibility

of our economy in the future.

Not all NSP programs share in the recent increise in the NSF.

budget. Members of this Subcommittee do not need to be reminded

of the major cuts in NSP hUdgets for A social and behavioral

sciencJs in PY 1981 and FY 1982.

In FY 1965, the budgets of the social and behavioral science

research programs in the Directorate for Biological, Behavioral,

and Social Sciences (BBS) are scheduled for an overall' budget
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increase of 10%, principally for support of the large scale data

bases. This is an important, and necessary emphasis. These data

bases have suffered from the budget cuts over the past several

years. They are expensive, yet they cannot be postponed Until.

budgets are increased again. If a survey -- such as the National

Election Study (NES), or the GenerarSocial Survey (GSSl --

cannot be conducted at the required time, its scientific valuf is

impaired. The FY 1985 funding provided for the social and

behavioral science programs in the BBS budget will relieve some

of the funding pressures on these data bases.

Despive the proposed 10% increase in FY.1995 for the social

and behavioral sciences as a whole, they will still be funded at

a level that is 10% below their FY 1980 level -- even without

taking inflation into account. If we calculate the effects of

inflation, the proposed level for FY 1985 is 31% lower than [PI,

FY 1980 level. The share of NSF spending devoted to thesdcial

and behavioral science programs fell from 5.9% to 3.3% between

1980 and 1982 and will rise under the current request to onl*

3.6 %, a drop of 40% in the share of the social and behavioral

sciences in NSF spending. Two charts with these and other NSF

budget figures are attached to this testimony.

We face a situation in which the social and behavioral

sciences are now receiving budget increases that would be

adequate had outlays not been slashed so deeply in 1981 and 1987.

But those cuts did occur and should not be allowed to stand.

The consequences of these cuts are most apparent in the
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decline of single investitor projects, the seed-bed of social

science research, and training. The effects of this false economy

are predictable and pernicious. Proposals are whittled down and

stretched out to spread available funding, thereby causing delays

research and reductions in training. Scientifically ambitious

4 investigations are jettisoned for less ambitious projects that

can be accomplished less expensively. A strong research system

requires not only the development and maintenance of good,dat

bases, but also the support of established scholars and traini

for their successors. The support that. Is provided this year for

the large scale data bases is a step in the right direction. It

is equally important to increase support for individual

investigator projects.

We realize that Congress must scrutinize every appropriation

this year to see whether the nation can afford it. In answer to

that question, we urge'you to look at developments in basic

research in the social and behaviorar'sciences. This is what, the

National Academy of Sciences/National Research Council did

recently. The report of that investigation, entitled

Behavioral and Social Science Research': A National Resource,

describes and strongly endorses the scientific advances that'have

taken place in the social and behavioral scienced in recent

years.

Another way to consider the question of increased support

for social and behavioral science research at NSF is to examine

BEST COPY AVAILABLE.
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face a nation and the research that issome of the pl weoblpma a
conducted by social and behaviorel.scientists.

For example,'we face a Blow -down in productivity growth.

Social and behavioral scientists conduct research on worker

productivity and management efficiency. Research on worker

productivity and quality control have led to effective techniques

for linking participative decision-making and the acceptaqce of

innovations in the workplace.
.

We are deregulating many branches of the economy. Hundreds

of billions of dollars of investment and tens of millions of jobs

are involved. Surely the investment of afeW million dollars in

the study of the effects of this monumental social and economic

experiment is only prudent.

Newspapers report on the lag in performance of. U.S. still:lents

in science and mathematics relative to students in other

countries. Can we afford to curtail social and behavioral

s%tence research on memory and cognition, teaching and learning?

We face continuing problems in the courts and in the

marketplace with the issue of whether wage differences between

men and women are based on sex or on experience, skills,

performance, or other factors. Do we wish to make decisions in

these areas bereft of data and research that would enable us to

compare individuals with similar experience and training and sort

out the various influences on income?

The basic research in all these and many other areas has

been supported by NSF in the past and we respectfully suggest
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that additional work is needed now.

We recognize the budget problems created for the Congress by

the size of the federal deficit. However, we think that on

policy grounds'and on substantive grounds, the Senate.Labo'r and

Human itelources Committee should establish the goal of returning

the social and behavidtal science programs in the National

Science Foundation to their FY 1980 levels in constant dollars.

We realize that this may take time, but feel strongly that the

goal must be set.

We.also ask that the Committee add $5 million to the

authorization for the Directorate for Biological; Behavioral, and

Social Sciences aad4that this increase be earmarked for tesearch

in the social, behavioral, and Information sciences. This amount

would help to strengthen these programs that have been laboring

for several years under diminished budgets.
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ComaRrium of Sod Al SCIENCE AssocimioNs

.NATIONAL SCIENCE FOUNDATION

Funding for Selected Directorates and Programs (in oillion S)

Dir. for flatheftatical and

Actual
FY80

Actual
FY81

Actual
FY82

Actual
FT83

Actual
FT84

Proposed
FT85

IChonge %Change
FY84-85 FT80-85

Prlyeital SCidtnie8 (147S) 227.0 256.5 272 9 299.7 359.5 416.7 +16 +84

Us( for Astvnoolc/Aroospheric
far r). 4 (Bean S:times fia.E03 218.1 716.1 240.0 276.2 110.1 373,5 411 +71

11 r for fogineering (LNG) 76.6 83.8 91.3 101.1 120.7 147.1 +22 .92

Dir. for Stienrific. Technological
4 foternational Affairs (STEAD 36.6 36.0 40.3 44.1 40.0 46.9 +15 +28

Dir. tur Brologiial. Behavioral
6,50cial Scientse (80S) 185.7 185.6 176.0 .190.2 224.8 '253.1 +13 +36

'ootial 4 Behavioral Science
Programs in BBS 52.4 41.7 37. )6.0 41.8 47.2 +10 -10

Su tai 41 behavioral Science as
Proportion of R h
p,lated artivitfea 5.92 4.6% 1.72 1:7% 1.8% 3.62

Stlen.e 4 fr.gfNeerfoR
f to 4! t ,o 77.2 64.7 20.9 16.1 88.9 75.7 -15 -2
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CoNsooiTiuiw of SOdAl SCIENCE ASSOCIATIONS

NATIONAL SCIENCE FOUNDATION (Cout.)

Social and Pabavioral Science Research Programs in RSS in million S):

Actual Actual Actual
FY80 FY81 FY82

Actual Actual
FY83 FY84

Proposed !Change 1Chairgf
FY85 FY84 -85 FY80-85

Division of Sohavioral and Neural Sciinces (sAlected programs)

Neuroscience
Psychobiology 4.5 4.3 3.4 3.7 4.1 4.4 +5 -2

Cognitive Science
Memory 6 Cognitive Proc. 2.6 2.4 2.2 2.3 2.6 2.8 +8 +8
Social 6 Dev. Psychology 3.3 2.6 1.5 2.1 2.6 2.7 .ti -18
(Applied Psychology -

)1.6absorbed elsewhere) 1.4 1.1 -- -
Linguistics 2.7 2.2 2.1 2.2 2.1 2.5 +4 -7

Anthropology 6.6 8.0 5.5 5.8 6.4 6.8 *6 +3
P*4Subtotal 21.1 18.6 14.7 16.1 19.2 +5 -9 0
11***

Division of Social 6 Economic Ssience

Economics & Geography
L(.4MIRiC4 12.2 9.4 6.1 7.1 9.4 10.25 *9 -16
Geography 1.6 1.2 0.7 0.8 1.0 1.) +10 -19

Social Yeaspreme9416 Analysis
Sociology 1.9 3.0 2.? 7.. 2.95 3.65 A24 -b
Meas. Mrth./Dsta Resources 5.0 3.9 1.4 1.f 3.4 3.4 -6 -32
Histor)/Philosophy of Science 1.5 1.1 0.9 1.1 1.35 1.6 419 +7

Political 6 Policy Sciences 4
N.11flcal Science 1.6- 2.9 1.1 2.3 1.8 3.6 +29
tam 6 Social Sciences 0.9 0.9 1.1 1.: 1.4 1.1 _+21 +89
Regulation 6 Policy Analysis 2.6 2,7 0.9 0.9 1.1 1.1 *18 -50
Dec.Vion 6 Management Sci. 0.71 1.0 I.? .20 K/A

...9"3

Subtotal 31.3 25.1 (7.6 19.9 24.6 28.0 +14 -11

70TAL-Social 4 Behavioral
Science Research Programs. 52.4 20.7 3 ?.3 36.0 42.8 47.1 +10 -10

*In FY 1961. this program was cot-htned with the lam and Pols.. Program of Division 01
Applied Research.
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American Anthropological Association
American Economic Association :

American Historical Association
American Political Science Association
American Psychological Association
American Sociological Association
American Statistical Association
Association of American Geographers
Association of American Law Schools
Linguistic Society of America

Affiliates.

American Association for Public
Opinion Research

American Educational Research
Association

Americas Society of Criminology
Association far Asian Studies
'Eastern Sociological Society
Economic History Association
Evaluation Network
EValuation Research Society
History of Science Society
International Communication
Association

International Studies Association
LAN and Society Association
Natioaal Council on family
Relations

North Central Sociological
Association

Northeastern Anthropological
Association'

Population Association of America
Regional Science Association
Rural Sociological Society
Social Science History
Association

Society for American Archaeology
Society for the History of
Technology

Society for Research in Child .

Development

Society for the Scientific Study
of Religion

Society for Social Studies
of Science

Southwestern social Science
Association

1

Contributors

University of California. Berkeley ,

University of California. Los Angelei
Center for Advainced Study in the
Behavioral Sciences

Center for International Studies.
Duke Unfversity

University of Colorado
Columbia' University
Cornell Institute for/Social Ird

Economic Research
Cornell University
Georgia Institute of Technology.
Harvard University
University of Illinois
Indiana University
Institutirfor Social Research,

al University of Michigan
University of Iola
The Johns Hopkins University
University of Michigan
University of Missouri
University of Nebraska
New Yock University
Ohio State University
University of Oregon
University of Pennsylvania
University of Pittsburgh
Princeton University
Social Science Research Council
UnIverslig of Southern California
StanfordUniversity
State University of hew York at
Stony Brook

Texas A & N University
Tulane University

. University of Washington

1110!ftsity of Visconsia, Milwaukee
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Senator ?sm. Thank you very, much. As the chairman hills said.
the record will be kept open for any questions frOmn members who
are unable to be here. On behalf of the chairman,* I thank all four
of you for being with us this morning. and the meeting is herewith

[Whereupon, at 11:0 a.m., the committee recessed, to reconvene
adjourned.

at the call of the-Chair.]
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